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S U M M A R Y .
BILE ACID IÆSTABQLISM WITH SPECIAL REFERENCE 
TO THE INTRAVENOUS CHOLIC ACID TOLERANCE 
TEST OF LIVER FUNCTION.
1. H i s t o r i c a l .
The c h e m is tr y  o f  th e  h i l e  a c id s  and t h e i r  r e l a t io n s h ip  
to  some o th e r  s t e r o i d s  i s  b r i e f l y  rev iew ed * The n a tu re  o f  
c o n j u g a t io n , th e  b i o l o g i c a l  s p l i t t i n g  o f  c o n ju g a te d  b i l e  
a c i d s ,  and th e  a c t io n  o f  b a c t e r ia  on b i l e  a c id s  i s  d is c u s s e d .  
The p h y s i o l o g ic a l  im p ortan ce  o f  b i l e  s a l t s  i s  b r i e f l y  in ­
d ic a t e d ,  and i t  i s  s u g g e s te d  t h a t  th e  d i s t r i b u t io n  o f  th e  
d i f f e r e n t  b i l e  a c id s  in  th e  v a r io u s  an im al s p e c ie s  h as an 
e v o lu t io n a r y  s i g n i f i c a n c e .  Anim al e x p e r im e n ts  on b i l e  a c id  
m eta b o lism  and th e  e f f e c t s  o f  o r a l  and in tr a v e n o u s  a d m in is­
t r a t i o n  o f  b i l e  s a l t s  in  a n im a ls  and man are  d e s c r ib e d . An 
a cco u n t o f  th e  a n a l y t i c a l  m ethods w h ich  have been  u sed  in  
th e  d e te r m in a t io n  o f  b i l e  s a l t s  in  body f l u i d s  i s  g iv e n .
2 . E x p e r im e n ta l.
The c o lo u r  r e a c t io n  u sed  h e r e  in  th e  e s t im a t io n  o f  b i l e  
s a l t s  i s  d e s c r ib e d  in  d e t a i l ,  w ith  r e c o v e r y  o f  added c h o la t e s  
from  b lo o d  and th e  a c c u r a c y  to  be e x p e c te d .
B lood  c h o la t e  l e v e l s  in  s u b j e c t s  w ith o u t  l i v e r  d i s e a s e ,  
show l i t t l e  d iu r n a l  v a r ia t i o n ,  b u t some a l t e r a t i o n  o v e r  a 
p e r io d  o f  m onth s. S i g n i f i c a n t  d i f f e r e n c e s  are  found b o th  
b etw een  th e  b lo o d  c h o la te  l e v e l s  in  s u b j e c t s  w ith  and w ith o u t
-  2 -
l i v e r  d i s e a s e ,  and in  d i f f e r e n t  ty p e s  o f  ja u n d ic e . There  
i s ,  h ow ever, c o n s id e r a b le  s c a t t e r ,  so  t h a t  the e s t im a t io n  
i s  o f  l i t t l e  d ia g n o s t ic  v a lu e . The in tr a v e n o u s  c h o l ic  a c id  
to le r a n c e  t e s t  o f  l i v e r  fu n c t io n  i s  compared w ith  o th e r  
l i v e r  fu n c t io n  t e s t s ,  th e  g e n e r a l b io c h e m ic a l f in d in g s ,  and 
th e  h i s t o l o g i c a l  appearance o f  th e  l i v e r .  The r e s u l t s  o f  th e  
t e s t  in  norm al s u b j e c t s ,  and in  o b s t r u c t iv e  ja u n d ic e , a c t iv e  
and l a t e n t  c i r r h o s i s ,  a c u te  h e p a t i t i s ,  secon d ary  m a lig n a n t  
l i v e r  d i s e a s e ,  and h a e m o ly tic  ja u n d ice  are d is c u s s e d . The 
in tr a v e n o u s  c h o l ic  a c id  to le r a n c e  t e s t  has proved i n s e n s i t i v e  
a s  a l i v e r  fu n c t io n  t e s t  and u n s u ita b le  f o r  r o u t in e  c l i n i c a l  
u s e ,  bu t i n t e r e s t i n g  in fo r m a tio n  about th e  m etab olism  o f  
b i l e  s a l t s  in  l i v e r  d is e a s e  h as been  o b ta in e d .
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BiLE ACID METABOLISM, w i t h  s p é c i a l  r e f e r e n c e  t o
t h e  INTRAVENOUS CHOLIC ACID TOLERANCE TEST OF LIVER FACTION
1. THEORETICAL
1 ) F u n d a m e n t a l  c h e m i s t r y  o f  t h e  b i l e  a c i d s .
£) C o n j u g a t i o n ,  and  t h e  b i o l o g i c a l  s p l i t t i n g  o f  c o n j u g a t e d  
b i l e  a c i d s .
3) P h y l o g e n e t i c  d i s t r i b u t i o n  a n d  i t s  p o s s i b l e  s i g n i f i c a n c e .
4) P h y s i o l o g i c a l  i m p o r t a n c e  o f  " b i l e  s a l t s " .
5) A c t i o n  o f  b a c t e r i a  on  b i l e  a c i d s .
6 ) A n im a l  e x p e r i m e n t s  w i t h  b i l e  a c i d s  a nd  d e r i v a t i v e s .
7) The e f f e c t  o f  i )  o r a l  a d m i n i s t r a t i o n
i n  a n i m a l s  & man. 
i i )  i n t r a v e n o u s  a d m i n i s t r a t i o n
8 ) A n a l y t i c a l  m e th o d s  u s e d  i n  t h e  e s t i m a t i o n  o f  b i l e  
s a l t s  i n  body f l u i d s .
9) ( a )  B lo o d  l e v e l s  o f  b i l e  s a l t s  i )  n o r m a l
i i )  i n  j a u n d i c e .
(b )  B i l e  s a l t s  i n  u r i n e .
2 .  EICBERLvIMTAL
1) The e s t i m a t i o n  o f  c h o l a t e s  i n  b l o c d .
i )  t h e  c o l o u r  r e a c t i o n  u s e d ,
i i )  t h e  c o l o u r  r e a c t i o n  a p p l i e d  t o  b l o o d  f i l t r a t e s ,
i i i )  t h e  m e th o d  f i n a l l y  a d o p t e d .
The e s t i m a t i o n  o f  c h o l a t e s  i n  u r i n e .
E) M a t e r i a l  a )  C l i n i c a l
b) h e p a t i c  h i s t o l o g y .
3) The r e s t i n g  l e v e l  o f  c h o l a t e s  i n  t h e  b l o o d ,  
s t a t i s t i c a l  a n a l y s i s .
A
1) I n  s u b j e c t s  w i t h o u t  l i v e r  d i s e a s e .  Group A. 
D i u r n a l  v a r i a t i o n  i n  b l o o d  c h o l a t e s .
I n d i v i d u a l  v a r i a t i o n  i n  b l o o d  c h o l a t e s  o v e r  a  
p e r i o d  o f  v /eeks .
2) I n  l i v e r  d i s e a s e .  Group B, o b s t r u c t i v e  j a u n d i c e .
Group C, C i r r h o s i s .
Group D, A c u t e  H e p a t i t i s  
Group E, S e c o n d a r y  m a l i g n a n t  
d i s e a s e .
Group F,  H a e m o l y t i c  j a u n d i c e .
4) The i n t r a v e n o u s  c h o l i c  a c i d  t o l e r a n c e  t e s t  o f  l i v e r  
f  u n c t  i o n .
1) T e c h n iq u e  o f  t e s t .
2) C o m p a r i s o n  w i t h  o t h e r  l i v e r  f u n c t i o n  t e s t s ,  g e n e r a l  
b i o c h e m i c a l  f i n d i n g s  a n d  h e p a t i c  h i s t o l o g y .
5)  The i n t r a v e n o u s  C h o l i c  a c i d  t o l e r a n c e  t e s t  i n  s u b j e c t s  
w i thour t  l i v e r  d i s e a s e .  Group A.
6 ) I n  s u b j e c t s  w i t h  l i v e r  d i s e a s e .
Group B. O b s t r u c t i v e  J a u n d i c e .
Group C. C i r r h o s i s .
Group D. A c u t e  h e p a t i t i s .
Group E. S e c o n d a r y  m a l i g n a n t  d i s e a s e .  
Group F. H a e m o l y t i c  j a u n d i c e .
7) D i s c u s s i o n .
8 ) Snm aary .
1. THEORETICAL.
1 . A BRIEF ACCOURT OF SOME OF THE FUNDAMENTAL 
CHEMISTRY OP THE BILE ACIDS.
The h i l e  a c id s  are  s t e r o i d s ,  m on ob asic  h y d r o x y la te d  c a r b o x y l ic  
a c i d s ,  d e r iv e d  from  th e  h yd rocarb on  c h o la n e .
C hoiane
The n a t u r a l l y  o c c u r r in g  b i l e  o r  c h o l i c  a c id s  a re  m on o-, d i - ,  
or  t r ih y d r o x y  c h o la n ic  a c id s .
S id e  Chain  
"R" = CH,
CH-(CH2)2 COOH, 
C h o la n ic  a c id .
The form u lae  o f  th e  commoner b i l e  a c id s  are  shown in  th e  
f o l lo w in g  T ab le  ( l ) .
The S t r u c t u r a l  fo rm u la e  o f  th e s e  com pounds. The p r e s e n t  
day form u la  f o r  th e  r in g  s t r u c t u r e  o f  th e  s t e r o i d s  was 
a r r iv e d  a t  in  1932 . I t  i s  im p o s s ib le  to  g iv e  a l l  th e
e v id e n c e  h e r e ,  b u t much o f  th e  e a r l i e r  work was done by
1 2 V& land, W indaus and t h e i r  c o -w o r k e r s . D i e l s  & K a r s te n s ,
( 1 9 3 0 ) i n v e s t i g a t e d  th e  d e h y d r o g e n a tio n  w ith  se le n iu m  a t  h i ^
TABLE 1 .
THE COMMONER BILE ACIDS.
Z.
1.
a. CHOLIC 
z  DEOXYCHOLIC
3 : 7 : 1 2 :  t p ih y d r o x y c h o la n ic  
3 :1 2 : d ih y d r o x y c h o la n ic
3. CHENODEOXYCHOLIC 3 : 7 :  d l» h y d r o x y c h o la n ic
4- LITHOCHOLIC 3 : h y d r o x y c h o la n ic
S'. u r s o d e o x y c h o l ic  3 : 7 :  d ih y d r o x y c h o la n ic
6. HYODEOXYCHOLIC 3 : 6 :  d ih y d r o x y c h o la n ic
CH;
'OH
C h .  R
K
OH
5. Ho
CM)
'  r - C|»3 R
CH;
ÔH
t e m p e r a t u r e s ,  o f  v a r i o u s  s t e r o i d s .  From c h o l i c  a c i d ,  
c h o l a t r i e n i c  a c i d  and  c h o l e s t e r o l ,  he o b t a i n e d ,  among o t h e r  
p r o d u c t s ,  t h e  same a r o m a t i c , p o l y c y l i c  h y d r o c a r b o n  c h r y s e n e ,
C h ry se n e
D e h y d r o g e n a t i o n  w i t h  s e l e n i u m  a l s o  g a v e  a  h y d r o c a r b o n  l a t e r
0
i d e n t i f i e d  by Cook & H e w e t t  (1 9 32 )  a s  3 m e t h y l c y c l o p e n t a n o -
p h e n a n t h r e n e .
CH3
'7
16
IS
17 -  M e t h y l c y c l o p e n t a M h e n a n t h r e n e
As a  r e s u l t  o f  i n t e n s i v e  s t r u c t u r a l  r e s e a r c h  i n t o  b o t h  t h e
4
r i n g  s y s t e m  an d  t h e  s i d e  c h a i n ,  R o s e n h e ih r  and  K ing  (1932)
m 4
TABLE 2,
THE CHOLANIC ACIDS.
Sir
A cid M.P. S o u rce
C h o la n ic 168° C o p ro a ta n e , G h o l ic ,  D eoxyc h o l i c ,  
G h e n o d e o x y c h o lic , L i t h o c h o l i c ,  
U r so d e o x y c h o lic *
A l lo c h o la n ic 1 7 0 ° C h o le s ta n e , H yodeoxyc h o l i c ,  
S c i l l a r i d i n  A.
B u fo c h o la n ic 236° Bufode o x y c h o l ie .
j IsQ h u f o c h o la n ic 1 7 9 ° B u f o t a l in .
p r o p o s e d  t h e  c y c l o p e n t a n o p h e n a t h r e n e  s t r u c t u r e  f o r  t h e
s t e r o i d s ,  a n d  t h i s  fo r j j iu l a  was i m m e d i a t e l y  a c c e p t e d .  The
p r e v i o u s  a t t e m p t s  a t  a  s a t i s f a c t o r y  s t r u c t u r e  by W ie l a n d ,
W in d a u s , a n d  o t h e r s , d i d  n o t  a l l o w  f o r  2  c a r b o n  a tom s  and  t h e
5
X - r a y  f i n d i n g s  o f  B e r n a l ,  (1 9 3 2 )  a g r e e d  w i t h  t h e  new f o r m u l a .
C h o l a n i c  a c i d ,  t h e  p a r e n t  s u b s t a n c e  o f  t h e  b i l e  a c i d s  c a n  be
o b t a i n e d  f r o m  them  by r e m o v a l  o f  t h e  h y d r o x y l  g r o u p s ,  ( T a b l e  2)
A l l o - c h o l a n i c  a c i d ,  t h e  C^ s t e r e o i s o m e r  i s  t h e  p a r e n t
s u b s t a n c e  o f  h y o d e o x y c h o l i c  a c i d .  D e h y d r a t i n g  a g e n t s  g i v e
u n s a t u r a t e d  a c i d s .  The r e l a t i o n  o f  c h o l i c  a c i d  t o  d e o x y c h o l i c
6
c a n  be shown i n  t h i s  way ( B o e d e c k e r  & V o lk ,  1922)
\o%
C h o l i c  A c i d
OH
' c«3 R.
3 : 1 2 :  D i h y d r o x y c h o l e n i c  a c i d  
I'lHtraIra ( C a l l o W  ( 1936 ) f o r m u l a )
f")
R-
D e o x y c h o l i c
O x i d a t i o n  o f  t h e  h y d r o x y l  g r o u p s  i n  t h e  b i l e  a c i d  m o l e c u l e ,
g iv e s -  r i s e  t o  K e t o  a c i d s .  Cold  c h ro m ic  a c i d  on c h o l i c  a c i d ,
8
g i v e s  t h e  t r i k e t o  a c i d ,  d e h y d r o c h o l i c . (H am m ars ten ,  1881)
0
C«3
V
D e h y d r o c h o l i c  a c i d  
3 : 7 : 1 2  T r i k e t o c h o l a n i c
P a r t i a l  r e d u c t i o n  o f  t h e  t r i k e t o  a c i d  g i v e s  h y d r o x y k e t o a c i d s
and  s i m i l a r l y ,  p a r t i a l  o x i d a t i o n  o f  c h o l i c  a c i d  g i v e s
9
h y d r o x y k e t o  d e r i v a t i v e s .  ( K a z i r o  & S h im ad a ,  1937:  G a l l a g h e r  
10 11 
& Long, 1943:  H a s le w o o d ,  1942)
12
ISOMEKISE
A f u l l  a c c o u n t  o f  t h e  s t e r e o c h e m i s t r y  i s  g i v e n  by S o b o t k a
13
(1 9 3 7 )  and  F i e s e r  ( 1 9 3 6 ) .  S i n c e  t h e r e  a r e  8  a s y m m e t r i c
a tom s i n  t h e  c h o l a n e  m o l e c u l e ,  t h e  t h e o r e t i c a l l y  p o s s i b l e  .
8
num ber  o f  i s o m e r s  i s  2 :2 5 6 .  How ever ,  among t h e  n a t u r a l l y  
o c c u r r i n g  s t e r o i d s ,  o n l y  v e r y  few  i s o m e r s  h a v e  a s  y e t  b e e n  
i d e n t i f i e d .
7C e n t r e s  o f  a sy m m e try  i n  
C h o lan e  m o l e c u l e .
1 4  « S taden  1 5
The i s o m e r i s m  o f  c h o l e s t e r o l  -  W inhaus  ( 1 9 1 5 ) ,  Ruz ic lca  (1933)  
p r e p a r e d  a n d  i n v e s t i g a t e d  t h e  f o u r  t h e o r e t i c a l  h y d r o x y l  
compounds ,  c h o l e s t a n o l ,  e p i - c h o l e s t a n o l ,  c o p r o s t a n o l  a n d  e p i -  
c o p r o s t a n o l .  These  compounds a r e  i d e n t i c a l  e x c e p t  f o r  t h e  
s p a t i a l  a r r a n g e m e n t  o f  t h e  h y d r o g e n  and  h y d r o x y l  g r o u p s  a t  
Cg and  t h e  r e l a t i o n  o f  t h e  h y d r o g e n  a t  C5  t o  t h e  m e t h y l  g r o u p  
a t
C h o le s ta n o l
t r a n s f u s i o n  o f  r i n g s  
I  & XL
E p i - c h o l e s t a n o l
C o p r o s t a n o l
QM
E p i - c o p r o s t a n o l  
C i s - f u s i o h  o f  r i n g S  %  & T L
gThe c o n f i g u r a t i o n  o f  t h e s e  compounds was l a r g e l y  d e t e r m i n e d  
16
by R u z i c k a  ( 1 9 3 4 ) .  The b i l e  a c i d s ,  s c y m n o l  a n d  
c o p r o s t e r o l  a r e  c o p r o s t a n e  d e r i v a t i v e s ,  p o s s e s s i n g  c i s  
f u s i o n .  The d i f f e r e n t i a t i o n  b e tw e e n  c i s  and  t r a n s  f u s i o n  
c a n  b e  shown by t h e  d e g r a d a t i o n  p r o d u c t s  i n  e a c h  c a s e ,  s i n c e  
c i s  compounds g i v e  a e t i o c h o l a n i c  a c i d ,  w h e r e a s  t r a n s  
compounds g i v e  a e t i o - a l l o c h o l a n i c  a c i d .  F u r t h e r  d e g r a d a t i o n  
g i v e s  t h e  c o r r e s p o n d i n g  c h o l a n e s .
A e t i o c h o l a n i c  a c i d A e t i o - c h o l a n e
A e t i o - a l l o - c h o l a n i c  a c i d
H
Aei.i'Qr a l i o -  o ho l a n e
The r e l a t i o n  o f  t h e s e  s u b s t a n c e s  t o  d e c a l i n ,
( d e c a h y d r o n a p t h a l e n e } w h ic h  a l s .o  h a s  c i s - t r a n s
17
i s o m e r i s m ,  wg.s shov/n by W indaus  ( 1 9 2 6 ) :  W in d a u s , Hucchel & 
R e v e r y ^ ^ ( l 9 2 3 )  a n d  R u z i c k a  (19 3 2 )
The c h a n g e  o v e r  f r o m  t h e  c h o l a n e  t o  t h e  a l l o - c h o l a n e  s e r i e s
c a n  be  i l l u s t r a t e d  by 3 : 6  b i l e  a c i d s  and  d e r i v a t i v e s ,  w h ic h
u n d e r g o  a  s t e r e o c h e m i c a l  i n v e r s i o n  -  H y o d e o x y c h o l i c  a c i d  i s
20
c o n v e r t e d  t o  t h e  a l l o - a c i d .  (W in d au s ,  1923)
i  •
3 - h y d r o x y - 6 - k  e t  o - c  ompound 
C h o lan e  s e r i e s
3 -  hy d r  o x y - a - l l o -  6 - k e t o - c  omp ound 
A l l o - c h o l a n e  s e r i e s
The c o n f i g u r a t i o n  o f  some o f  t h e  b i l e  a c i d  d e r i v a t i v e s  f r o m  
a m p h i b i a n  b i l e s  have  n o t  y e t  b e e n  a d e q u a t e l y  w o rk e d  o u t .  
P o s s i b l y  s t e r i c  i s o m e r s  a s  y e t  unknown i n  n a t u r e  may be 
f o u n d .
The r e l a t i o n s h i p  o f  c h o l i c  a c i d  t o  c h o l e s t e r o l ,  c o p r o s t a n o l  
and  e r g o s t e r o l  c a n  be shown by c o m p a r in g  t h e  d e g r a d a t i o n  
p r o d u c t s . ( T a b l e  3^
I t  i s  b o t h  i n t e r e s t i n g  and  s i g n i f i c a n t  t h a t  no  I n t e r m e d i a t e s  
f ro m  n a t u r a l  c a t a b o l i s m  o f  t h e  t e t r a c y c l i c  r i n g  s y s t e m  have  
y e t  b e e n  i s o l a t e d .  P r o b a b l y  s u c h  compounds e x i s t ,  b u t  a r e  
t o o  l a b i l e  f o r  d e t e c t i o n  by t h e  y e t  a v a i l a b l e  m e th o d s .
TABLE 3
RELATIONSHIP OF CHOLIC ACID TO PLANT AND ANIMAL 
STEROLS AS SHOWN BY SOME OF THE DEGRADATION
PRODUCTS
CH
CH3 CH(mjCOOHCH
CH
OH
CHi CMa
CH ( c Wz LCH 
CH3 I '  V
CHOLIC ACID CHOLANIC ACIDCM
CH^ Hi)^ COOH
ALLO-CHOLANIC ACIDCHOLESTEROL
CHj
Chj
CHOLANIC ACIDCOPROSTANECOPROSTEROL
BIS NORGHOLANIG ACIDERGOSTANE
/ /
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2 .  CONJUGATION
a )  Thq c o n j u g a t e d  b i l e  a c i d s  a r e  g l y c o  and  t a u r o c h o l i c  a c i d .
The b i l e  and  m o l e c u l e  i s  j o i n e d  w i t h  t h e  am ino  a c i d ,  t h r o u g h ,
a  p e p t i d e  l i n k .
on C o n j u g a t i o n  g r e a t l y  i n c r e a s e s
f CjHgCO'NHCH^ ct  ^ s o l u b i l i t y  i n  ? ; a t e r .  The
h y d r o c a r b o n  p a r t  o f  t h e  
m o l e c u l e  makes t h e s e
L   (tlscine s u b s t a n c e s  s o l u b l e  i n  f a t
s o l v e n t s ,  a n d  t h e  t h r e e  
h y d r o x y l  g r o u p s  and  t h e  
a m i n o - a c i d  r e s i d u e , a l l o w  
s o l u t i o n  i n  w a t e r .
CH
No
G l y c o c h o l i c  a c i d  
or-CO-NHCHgS0 5 H 
t a u r i n e
T a u r i n e  o c c u r s  i n  t h e  h e p a t o - p a n c r e a s  o f  m u s s e l s  and  
g a s t r o p o d s ,  b u t  i s  fo u n d  i n  v e r t e b r a t e s  a s  a  s p e c i a l i s e d  
b i l i a r y  p r o d u c t .  A l l  f i s h  have  t a u r o - c o n j u g a t i o n  and  a l l  
t h e  s n a k e s  and  b i r d s  so  f a r  i n v e s t i g a t e d .  Among mammals 
t h e  hog h a s  b o t h  a  unig_ue b i l e  a c i d  ( h y d e o x y c h o l i c  ) and  
v e r y  l i t t l e  t a u r i n e  i n  i t s  b i l e .  G l y c o - c o n j u g a t i o n
p r e d o m i n a t e s  o v e r  t a u r o  i n  many h e r b i v o r e s  s u c h  a s  t h e  ox,  
k a n g a r o o ,  musk ox an d  h ip p o p o ta m u s ,  b u t  i n  t h e  t a u r o  g ro u p  
w h ic h  c o n t a i n s  a l l  t h e  c a r n i v o r e s ,  t h e  g u i n e a  p i g ,  sh e ep  
and  g o a t  m us t  be i n c l u d e d .  The p r o c e s s  by w h ic h  t h e  b i l e  
a c i d s  a r e  c o n j u g a t e d  w i t h  a m i n o - a c i d s  i s  a n a l a g o u s  t o  t h e  
d e t o x i f i c a t i o n  m e c h a n ism  by w h ic h  f o r e i g n  and  p o s s i b l y
h a r m f u l  s u b s t a n c e s  a r e  e l i m i n a t e d  f ro m  t h e  body -  i . e .
t h e  c o n j u g a t i o n  o f  b e n z o i c  a c i d  w i t h  g l y c i n e  and  subseq .u en t
e l i m i n a t i o n  f r o m  t h e  body a s  h i p p u r i c  a c i d .  T h is  r e a c t i o n
o c c u r s  i n  b o t h  l i v e r  and  k i d n e y ,  an d  c h o l i c  a c i d
c o n j u g a t i o n  a l s o  o c c u r s  i n  t h e  l i v e r .  A c c o r d i n g  t o  
21
W h ip p le  (1919)  a d m i n i s t e r e d  c h o l i c  a c i d  i s  c o n j u g a t e d  i n
p r o p o r t i o n  t o  t h e  a v a i l a b l e  amount o f  amino a c i d s .
22
J o s e p h s o n ,  J u n g n e r  & R y d in  (1938)  g a v e  250 mg. c h o l i c  a c i d
t o  c a t s ,  w h ic h  was f o l l o w e d  by a n  enorm ous e x c r e t i o n  o f  f r e e
b i l e  a c i d  i n  t h e  f i r s t  30 m i n u t e s ,  a f t e r  w h i c h  t h e  e x c r e t i o n
of  c o n j u g a t e d  a c i d s  i n c r e a s e d .  I n  1939, J o s e p h s o n , J u n g n e r ,
23
& Lawson, fo u n d  t h i s  was a l s o  t r u e  f o r  humans ,  and  t h e y  
r e g a r d e d  t h i s  a s  e v i d e n c e  f o r  t h e  e n z y m a t i c  n a t u r e  o f  
c o n j u g a t i o n .  On t h e  o t h e r  h a nd  t h e  t i m e  l a g  may j u s t  be 
n e c e s s a r y  f o r  t h e  m o b i l i s a t i o n  o f  t h e  r e q u i r e d  a m i n o - a c i d .  
S i n c e  t h e  a b i l i t y  o f  t h e  l i v e r  t o  c o n j u g a t e  e x t r a n e o u s  
s u b s t a n c e s  w i t h  amino  a c i d s  i s  d i s t u r b e d  u n d e r  p a t h o l o g i c a l  
c o n d i t i o n s ,  i t  i s  r e a s o n a b l e  t o  s u p p o s e  t h a t  t h i s  l o s s  o f  
f u n c t i o n  e x t e n d s  t o  t h e  l i v e r ^  s own s e c r e t i o n .  An i n c r e a s e  
i n  f r e e  b i l e  a c i d s  i n  l i v e r  d i s e a s e  m i g h t ,  t h e r e f o r e ,  be
24
e x p e c t e d .  T h i s  was c o n f i r m e d  by S c h e e n h e im e r  a n d  Ahdrewes
25
(1932)  and  C o l l i p  & L o u b i l e t  ( 1 9 3 6 ) .  I n  dogs  w h e re  
c o n j u g a t i o n  i s  1 0 0 ^  t a u r o ,  i f  g l y c b e c h o l i c  a c i d  i s  i n t r o d u c e d  
i n t o  t h e  i n t e s t i n e ,  25 t o  30^6 g l y c m c h o l i c  a p p e a r s  i n  t h e  
f i s t u l a  b i l e .  S i m i l a r l y ,  g u i n e a  p i g s ,  whose b i l e  i s  d e v o id  
o f  c h o l i c  a c i d ,  when f e d  ox b i l e ,  s e c r e t e  a  P e t t e n k o f f e r
/ 3
26
p o s i t i v e  b i l e .  These  e x p e r i m e n t s  (W e is s ,  ( 1 8 8 4 ) )  w e re
r e p e a t e d  by v a r i o u s  w o r k e r s  and p r o v e d  b o t h  r e s o r p t i o n  o f
c o n j u g a t e d  a c i d s  and  t h e i r  e x c r e t i o n  u n c h a n g e d  i n  t h e  b i l e .
H y d r o l y s i s  and  t h e n  r e - c o n j u g a t i o n  i n  t h e  l i v e r ,  t h e r e f o r e ,
does  n o t  o c c u r .  The r e v e r s e  e x p e r i m e n t - a d m i n i s t e r i n g
t a u r o c h o l i c  a c i d  t o  t h e  hog h a s  n o t  a p p a r e n t l y  b e e n  t r i e d .
T a u r i n e  & S u l p h u r  Iv le tabo l i sm  The m e t a b o l i s m  o f  t a u r o c h o l i c
a c i d  i n  dogs  h a s  r e c e n t l y  b e e n  f u l l y  i n v e s t i g a t e d  by V i r t u e
27
and  D o s t e r - V i r t u e  ( 1 9 4 0 ) .  The r e s u l t s  c a n  be t a b u l a t e d : -
T a b l e  4 .
The M e t a b o l i s m  o f  some S u l p h u r  compounds ,  i n  Dogs
Compound N f f e c t
1 . C y s t i n e No i n c r e a s e  i n  t a u r o c h o l i c a c i d
2 . C h o l i c  a c i d S l i g h t  i n c r e a s e TT T
3. C y s t i n e  & c h o l i c  a c i d Marked i n c r e a s e  " T T
4. C y s to m in e No i n c r e a s e  i n  " T TT
5. T h i o g l y c o l l i c  a c i d Tt ri TT T T TT
6 . C y s t i n e  D i s u l f o x i d e I n c r e a s e
7. C y s t e i n e  s u l f u r i c  a c i d n
8 . C y s t e i c  a c i d Tl
9. C y s t e i n e IT
1 0 . H o m o c y s te in e  . TT
I f  c h o l i c  a c i d  a l o n e  i s  g i v e n  f o r  a  c o n s i d e r a b l e  p e r i o d ,  t h e  
r e s u l t i n g  i n c r e a s e  i n  t a u r o c h o l i c  i s  n o t  m a i n t a i n e d .  T h is  
i n d i c a t e s  t h a t  t h e  a n i m a l  c a n  cope  w i t h  t h e  c o n j u g a t i o n  o f  th e
4amount o f  b i l e  a c i d s  n o r m a l l y  a v a i l a b l e ,  b u t  i f  t h i s  i s  g r e a t l y
i n c r e a s e d  o r  t h e  a m i n o - a c i d  s u p p l y  d e c r e a s e d ,  a s  by f a s t i n g ,
t h e n  f r e e  b i l e  a c i d s  w i l l  be e x c r e t e d .  Gys t a m i n é  and
t h i o g l y c o l l i c  a c i d  a r e  o b v i o u s l y  n o t  m e t a b o l i s e d  by t h e  dog
u n l i k e  t h e  o t h e r  s u l p h u r  compounds t r i e d .  Under  n o r m a l
c o n d i t i o n s  e n ough  t a u r i n e  i s  a v a i l a b l e  f o r  c o n j u g a t i o n ,  so
t h a t  t h e  e f f e c t  o f  a d m i n i s t e r i n g  e x c e s s  a m i n o - a c i d s  o r
p r o t e i n ^  o n l y  i n c r e a s e s  t h e  b i l i a r y  o u t p u t  when t h e  t a u r i n e
r e s e r v e s  a r e  d e p l e t e d ,  o r  when e x t r a  b i l e  a c i d s  a r e  a l s o
s u p p l i e d .  N o r m a l l y ,  t h e r e f o r e ,  a n  e x c e s s  o f  amino  a c i d s
m e r e l y  i n c r e a s e s  t h e  r e n a l  o u t p u t  o f  n e u t r a l  s u l p h u r .
G y s t i n u r i a  h a s  n o t  y e t  b e e n  r e l a t e d  t o  b i l i a r y  s u l p h u r
m e t a b o l i s m .  C h o l i c  a c i d  f e d  t o  c y s t i n u r i c  s u b j e c t s  had  no
28
e f f e c t  i n  r e d u c i n g  t h e  c y s t i n u r i a .  E p i n g e r  (1923)  r e p o r t e d  
a  p o s s i b l y  s i g n i f i c a n t  d i f f e r e n c e  f r o m  t h e  n o r m a l  i n  t h e  G. T. 
r a t i o  o f  s u c h  a  c a s e .  F u r t h e r  i n v e s t i g a t i o n  o f  t h i s  f i e l d  i s  
n e e d e d .
R a t i o  o f
G l y c o c h o l i c :  T a u r o c h o l i c  C y s t i n u r i c  8 . 7 5 :  1
i n  t h e  b i l e  s u b j e c t
T T  T T  T T  TT C o n t r o l  1) 2 . 0 7 :  1
C o n t r o l  2] 1 . 0 :  1
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R o s e n t h a l  and  F a l k e n h a u s e n  (1923)  c o n c l u d e d  f r o m  th e  
a v a i l a b l e  d a t a ,  t h a t  t a u r i n e  i s  t h e  a m i n o - a c i d  o f  
p r e f e r e n c e ,  o n ly  t h e  e x c e s s  c h o l i c  a c i d  b e i n g  combined  w i t h  
g l y c i n e .  The G.T. r a t i o  i s  t h u s  r e g u l a t e d  by t h e  e x i s t i n g  
a m ounts  o f  g l y c i n e ,  t a u r i n e  and c h o l i c  a c i d .
)5
I n  p e r n i c i o u s  a n a e m ia  where  a b n o r m a l l y  l a r g e  am oun ts  o f
t a u r i n e  a r e  made a v a i l a b l e  by p r o t e i n  b reak d ow n ,  t a u r o c h o l i c
2 0
a c i d  o n ly  i s  p r o d u c e d .  J a c u b o w i t s c h  (1886)  r e p o r t e d  h i g h  
t a u r o c h o l i c  a c i d  l e v e l s  i n  c h i l d r e n ' s  b i l e ,  w h ic h  i s  
I p l a u s i b l e  p h y s i o l o g i c a l l y ,  b u t  t h e  a n a l y s e s  have  b e e n  q u e r i e d ,
2.
b) BIOLOGICilL SPLITTING OF GONJUG-ATED BILS-ACIDS
I )  B nzya io  a c t i o n . The power o f  s p l i t t i n g  c o n j u g a t e d  b i l e
21
a c i d s  h a s  b e e n  a t t r i b u t e d  t o  many enzym es .  S m orod inev
(1922)  f o u n d  t b a t  e x t r a c t s  o f  h o r s e  and  dog k i d n e y ,  r i c h  i n
' h i s t o z y m e '  c o u l d  a l s o  h y d r o l y s e  g l y c o  and  t a u r o c h o l i c  a c i d s .
P r e p a r a t i o n s  o f  dog l i v e r  c o n t a i n e d  a n  enzyme w h ic h  h y d r o l y s e d
22
t a u r o  b u t  n o t  g l y c o c h o l i c .  J o s e p h s o n  (19 2 2 )  a l s o  r e p o r t e d
s p e c i e s  s p e c i f i c i t y  s i n c e  e x t r a c t s  o f  dog and c a t  p a n c r e a s
a c t e d  more s t r o n g l y  on t a u r o  t h a n  g l y c o c h o l i c  a c i d ;  v /hereas
p a n c r e a t i c  e x t r a c t s  f r o m  tw o  h e r b i v o r o u s  a n i m a l s ,  t h e  ox and
t h e  h o r s e ,  had  h a r d l y  any  a c t i o n  on t a u r o c h o l i c  a c i d .
22
K a rasaw a  (1 9 2 6 )  r e p o r t e d  c l e a v a g e  o f  g l y c o c h o l i c  a c i d  by 
t e s t i s  e x t r a c t .
24
N e g a t i v e  r e s u l t s  w e re  o b t a i n e d  w i t h  l i v e r  p u l p  by Domeninco
25
( 1 9 2 6 ) .  R o s e n t h a l  (1 92 7 )  a f t e r  i n c u b a t i n g  t a u r o c h o l i c  a c i d
w i t h  human l i v e r  and  s p l e e n  p u l p  f o r  5 -6  d a y s ,  f o u n d  e v i d e n c e
26
o f  h y d r o l y s i s .  G r a s s m a n n , and  B a su ,  (1926)  c o n f i r m e d
Sm orodinev^s o b s e r v a t io n , but th e  c le a v a g e  o n ly  o ccu rred  t o  a
l i m i t e d  d e g r e e .  At pH 8 . 0  t h e  l i v e r  e x t r a c t s  t h e y  u s e d ,
27
p r o d u c e d  no h y d r o l y s i s .  Ivlazza _ and  S t o l f  i ,  (1922)  c l a i m e d  t o  
have  f o u n d  a s p e c i f i c  enzyme w i t h  a  r e v e r s i b l e  a c t i o n ,  c a p a b l e  
o f  h y d r o l y s i n g  c o n j u g a t e d  b i l e  a c i d s  and  o f  b u i l d i n g  up 
g l y c o  and  t a u r o c h o l i c  a c i d s  f r o m  t h e  b i l e  and  amino a c i d s .
7T h i s  enzyme was p r e s e n t  i n  l i v e r  e x t r a c t s  f r o m  v a r i o u s
a n i m a l s  a n d  t h e  op t im um  pH was 5 .  0 . -So Grassmann* s n e g a t i v e
r e s u l t s  w e re  e x p l a i n e d .  The a c t i o n  o f  t h e i r  enzyme on
h i p p u r i c  a c i d  was n o t  m e n t i o n e d .  *
The u n s a t i s f a c t o r y  p o s i t i o n  was p a r t l y  c l e a r e d  up by 
28
F r a e n k e l  ( 1 9 2 6 ) .  He showed t h a t  l i v e r  c o n t a i n e d  a n  enzyme 
*His tozyme* a c t i v e  o v e r  a  pH r a n g e  o f  7 -  8  w h i c h  was c a p a b l e  
o f  s p l i t t i n g  h i p p u r i c  a c i d  b u t  n o t  b i l e  a c i d s .  T h i s  
d i f f e r e d  f r o m  t h e  k i d n e y  enzyme w h i c h  c o u l d  h y d r o l y s e  g l y c o  
and  t a u r o c h o l i c  a c i d s .  Even  o v e r  a  w id e  pH r a n g e  he  
f  ai' l e  d t o  f i n d  a n y  i n d i c a t i o n  o f  a  l i v e r  enzyme s u c h  a s  
Mazza r e p o r t e d .
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I n  s p i t e  o f  t h i s ,  i n  1929, T a k a h a s h i  c l a i m e d  t o  h a v e  i s o l a t e d
*g l y c o  and  T a u r o c h o l a s e * f r o m  k i d n e y ,  l i v e r  a n d  s k e l e t a l
m u s c l e ,  a n d  t o  h a v e  f o u n d  s m a l l  a m o u n ts  i n  o t h e r  t i s s u e s .
The r i c h e s t  s o u r c e  was dog k i d n e y ,  b u t  r a t  l i v e r  a n d  r a b b i t ,
k i d n e y  a n d  l i v e r  a l s o  c o n t a i n e d  i t  i n  c o n s i d e r a b l e  a m o u n t s .
The op t im um  pH was 7 - 9 . 0 ,  b u t  a c t i v i t y  was m a n i f e s t e d  o v e r  a
r a n g e  o f  2 . 0  -  1 1 . 0 .  They a s su m e d  t h i s  t o  be i d e n t i c a l  w i t h
'H is to z y m e *  b u t  d i d  n o t  m e n t i o n  i t s  a c t i o n  on h i p p u r i c  a c i d .
The p h y s i o l o g i c a l  i m p o r t a n c e  o f  s u c h  a n  enzyme i n  k i d n e y ,  i s
n e g l i g i b l e ,  s i n c e  e x c e p t  i n  s e v e r e  j a u n d i c e ,  b i l e  a c i d s  do n o t
p a s s  t h r o u g h  t h a t  o r g a n .  H ow ever ,  s u c h  a n  enzym e,  h a v i n g  b o t h
t h e  b u i l d i n g  up a n d  h y d r o l y s i n g  a c t i o n ,  m ig h t  be e x p e c t e d  i n
22
l i v e r .  J o s e p h s o n  a n d  n a r r s o n  (1 9 2 9 )  r e g a r d e d  t h e  d e l a y  b e f o r e
t h e  e x c r e t i o n  o f  c o n j u g a t e d  b i l e  a c i d s  a f t e r  t h e  i n j e c t i o n  o f  
c o n s i d e r a b l e  q u a n t i t i e s  o f  c h o l i c  a c i d ,  a s  e v i d e n c e  f o r  t h e  
e n z y r a a t i c  n a t u r e  o f  c o n j u g a t i o n .  , T h e r e  i s  o b v i o u s l y  a  n e e d  
f o r  l e s s  t h e o r y  a nd  more e x p e r i m e n t a l  f a c t s  w i t h  r e g a r d  t o  
t h e  q u e s t i o n .
40
E) B a c t e r i a l  c l e a v a g e  M e l i u s  ( 1 8 8 6 )  r e p o r t e d  t h a t  t h e
s t e r o i d  p o r t i o n  o f  t h e  b i l e  and  m o l e c u l e  was c h a n g e d  u n d e r
41
b a c t e r i a l  i n f l u e n c e .  L i c h t  (1 9 2 4 )  d i f f e r e n t i a t e d  b e t w e e n
b a c t e r i a l  d e s t r u c t i o n  o f  b i l e  a c i d s  i n  t h e  i n t e s t i n e  and
p a r e n t , e r a l  d e c o m p o s i t i o n  by enzTTmes o f  p a r e n c h y m a t o u s  o r i g i n .  
35
R o s e n t h a l  ( 1 9 2 7 )  f o u n d  no  e v i d e n c e  o f  b a c t e r i a l  a t t a c k  a t
t h e  p e p t i d e  l i n k ,  a n d  s u g g e s t e d  t h a t  d e c o m p o s i t i o n  m ig h t
42
o c c u r  e l s e w h e r e  i n  t h e  m o l e c u l e .  K a s h i r o  (1 9 2 5 )  h e l d  t h e
t h e o r y  t h a t  s i d e  c h a i n  d e g r a d a t i o n  o c c u r r e d .
36
G rossm an n  a n d  B a s u  ( 1 9 3 1 )  w o r k i n g  w i t h  f a e c a l  i n f u s i o n s ,  p u r e
c u l t u r e s  a n d  p u t r e f y i n g  b i l e ,  o b t a i n e d  p o s i t i v e  e v i d e n c e  of
43
b a c t e r i a l  d e s t r u c t i o n .  S a l k o w s k i  (1 9 1 7 )  f o u n d  no
c o n j u g a t e d  b i l e  a c i d s  i n  c a d a v e r  b i l e  w h i c h  h a d  a u t o l y s e d
u n d e r  a s e p t i c  c o n d i t i o n s  i n  t h e  p r e s e n c e  o f  c h l o r o f o r m .
44
A s t h n è e l  ( 1 9 3 5 )  i s o l a t e d  b a c t e r i a  f r o m  s o i l ,  human a n d  dog 
i n t e s t i n e s ,  a n d  human f a e c e s ,  w h i c h  g re w  on s y n t h e t i c  
n u t r i e n t  m e d i a  c o n t a i n i n g  g l y c o  a n d  t a u r o c h o l i c  a c i d s  a s  t h e  
s o l e  s o u r c e  o f  c a r b o n  a n d  h y d r o g e n .  T h e s e  a c i d s  w e re  s p l i t  
by t h e  b a c t e r i a  i n t o  s t e r o i d  and  a m in o  a c i d .  The o r g a n i s m s
1w e re  Gia -  v e ,  m o t i l e  an d  p r o d u c e d  t h i c k  m em branes  a n d  
p i g m e n t s  i n  m e d i a  c o n t a i n i n g  b i l e  a c i d s ,  b u t  d i d  n o t  grow 
i n  v i t r o  a t  27*^0. At  t h i s  t e m p e r a t u r e  t h e y  w e r e  c a p a b l e ,  
h o w e v e r ,  o f  h y d r o l y s i n g  t h e  c o n j u g a t e d  a c i d s .  T h ese  
b a c t e r i a  w e re  n o t  f o u n d  i n  e v e r y  s p e c i m e n  o f  f a e c e s  
e x a m in e d .
;2.o
1.
2 . THYLOGEi\IETIG DISTRIBUTION OF TES BILS ACIDS AND
POSSIBLE SICNIFICANCS
o
I )  I n  E l a s m o b r a n o h  F i s h ;  Scym nol  
B i l e  a o l d s  h a v e  n o t  y e t  b e e n  f o u n d  i n  i n v e r t e b r a t e s ,  when 
r e l i a b l e  a n a l y t i c a l  m e t h o d s  w e re  u s e d .  A s t e r o i d  s i m i l a r  
t o  t h e  b i l e  a c i d s  was f o u n d  i n  t h e  e l a s m o b r a n c h s .  T a b l e  5. 
Scym nol  was i s o l a t e d  f r o m  s h a r k  a nd  d o g f i s h ,  b i l e  (Hamm arsten^  
1 8 5 8 ) ,  a n d  i s  p r o b a b l y  a  p h y l o g e n e t i c  p r e c u r s o r  o f  t h e  b i l e
acicLs. cwj 1^^3
“ Scym nol  i s  a  t e t r a h y d r o x y o x i d e ,
a  p o l y v a l e n t  a l c o h o l  d e r i v e d
f r o m  c o p r o s t a n e ,  p o s s e s s i n g
c i s  f u s i o n  o f  r i n g s  AB a n d
g i v i n g  t h e  same c o l o u r
r e a c t i o n s  a s  c h o l i c  a c i d .
The r e l a t i o n s h i p  b e tw e e n
sc y m n o l  a n d  t h e  b i l e  a c i d s  was
46
p r o v e d  by T s c h e s c h e  (1 9 2 2 )
who o b t a i n e d  7 : 1 2  -  d ike  t o -
c h o l a n i c  a c i d  f r o m  s c y m n o l .
The s i d e  c h a i n  i n  sc y m n o l
c o n s i s t s  o f  8  c a r b o n  a to m s
V/it h  a n  e t h y l e n e  o x i d e  l i n k a g e .
The s t r u c t u r e  was p a r t l y
47
e l u c i d a t e d  by w in d a u s  , ( 1 9 2 0 )
Scyinnol
r"
C«3 R
o
7 : 1 2 - d i k e t o c h o l a n i c  a c i d
x \
TABLE 5 .
BILE ACIDS IN 1) FISH.
P ish B ile  a c id Type o f  c o n ju g a tio n . Author Y ear Ref .
A. ELASMOBRANCHS .
D ogfish ( Hammarsten 1898 45
T iger  Shark (Gcymnol S u lp h u r ic a ls o  3“7“ 12 Ohta 1937 53
H a i f i - f i s h ( a c id  e s t e r 24-25  c h o le -
s to n e .
B. TELEOSTS.
H erring ( T Sche r e r 1856 54
Sheat f i s h (U n s p e c if ie d T S c h lo s s - 1859 55
h erg er
Be11one ( T O tto 1868 56
Globe f i s h
(T etradon) C h o lic T Teraoka 1927 57
Moray tf T Hosokawa : 1927 58
S w e e tfish »i T E n t ir e ly  v e ­ K ohayashi 1927 59
(P le c o - g e ta r ia n
g lo s s u s ) d i e t  (M oss)
A n h erfish II T Makino 1934 60
( S e r io la )
Gadus m acro- It T T su ji & 1938 61
cep h a lu s H ig a sh i
t i l e s i u s .
G o ld fish It T Okamura & 1928 62
Hatakaycma
An ago T It It It
Salmo (m ilk - It Pukui 1937 63
s c h is h
Walhaum)
Tunny It Shimada 1937 64
Sw ord fish It - T su j i & 1938 61
(X ip h iu s) ' H ig a sh i
M u llet C h o lic , Uncon ju ­ Watanahe 1935 65
(M ugil) Chonode- g a ted . & N iy a z i 1937 66
oxychcQic
Haddock It Ish ih a r a 1938 67
(J a p a n ese) It
S eh a sto d es It A sh ik a ra , 1938 68
in erra is It Kim & Sihn
T r ig g e r  f i s h It It II It
(Monacun- It
th u s )•
-
P. T.O.
“ I —
table 3 (CONT'D).
P i s h B i l e  a c i d Type o f  c o n j u g a t i o n A u th o r Y ear Ref .
B. TELEOSTS ( CONTINUED).
Anchovy C h o l i c , T a l e n t i 1937 69
( J a p a n e s e ) Chonode-
oxychoUc
P a r a l i c t h y s II S ih n  & 1936 70
o l i v a c e o u s II Kim
Euthynnus It It 1939 71
cong er  e e l II T a k a h a s h i 1940 72
& Mori
S parus  mac­ II T Hosegawa, 1940 73
ro  c e p h a l u s It Tukamoto
& K ataoka
An c a n t h r o - It
g o h in s It /
P e r o p h t h a - It T e t r a h y d r o x y - P o s i t i o n  o f Mahuti  ,H. .1901 74
l o r u s It n o r s t e r o h y d r o x y l
c a n t o n e n s i s c h o l a n i c g ro u p s
I n im ic u s  Ja p o - It a c i d . u n c e r t a i n . Ohta 1939 75
n i c u s  C u v ie r It
e t  V a l e n -
cjaines.
In im icu s It I s a k a  & 1940 76It A z a to .
Gigi It
B ar i  & Pugu
f i s h .
48
and  f i n a l l y  by Askilcari ( 1 9 3 9 ) .  Ee o x i d i s e d  and t h e n
h y d r o l y s e d  t h e  t e t r a a c e t a t e ,  and  o b t a i n e d  c h ô l i c  a c i d .  The
h y d r o x y l  g r o u p  i n  r i n g  A  was t h e r e f o r e  a t  Cg and  n o t  Ca a s
h ad  b e e n  t h o u g h t .  T h i s  was c o n f i r m e d  by Bergmann and  P a c e
( 1 9 4 3 ) .  Scymnol i s  a l s o  p r e s e n t  i n  t h e  b i l e  o f  t h e  b l u e
50
s k a t e  and  g r e y  d o g - f i s h  (Cook, 1941) b u t  a b s e n t  i n  T e l e o s t s .
Ohta  (1 93 ?)  r e p o r t e d  c h o l i c  a c i d  a s  w e l l  a s  scym no l  i n  t h e
b i l e  o f  t h e  J a p a n e s e  s h a r k ,  so  a p p a r e n t l y  e l a s m o b r a n c h s  may
be c a p a b l e  o f  f o r m in g  t r u e  b i l e  a c i d s .  ScymnoJ. o c c u r s  a s
t h e  s u l p h u r i c  a c i d  e s t e r ,  w h i c h  i s  more s o l u b l e  t h a n  t h e  f r e e
s u b s t a n c e .  S i m i l a r  e s t é r i f i c a t i o n ,  g i v i n g  i n c r e a s e d
s o l u b i l i t y  i s  s e e n  i n  t h e  r e l a t e d  compounds,  t h e  b i l e  a c i d s ,
w h ic h  a r e  c o n j u g a t e d  w i t h  t h e  amino a c i d s ,  g l y c i n e  and
52
t a u r i n e .  K a z u m o , (1940)  r e g a r d e d  t h e  s c y m n o ls  a s  p a r t i a l  
o x i d a t i o n  p r o d u c t s  i n  t h e  t r a n s i t i o n  b e tw e e n  s t e r o l s  and  b i l e  
a c i d s ,  and  d e s c r i b e d  o t h e r  p o s s i b l e  o x i d a t i o n s  by w h ich  
b i l e  a c i d s  c o u l d  be p r o d u c e d  f r o m  s u b s t a n c e s  l i k e  
7 - d e h y d r o c h o l e s t œ o l .  However ,  t h e r e  i s  no v e r y  c o n v i n c i n g  
ev id ,ence  f o r  t h i s  t h e o r y  and  i t  i s  more l i k e l y ,  on g e n e r a l  
g r o u n d s  t h a t  b i l e  a c i d s  and  c h o l e s t e r o l  have  a  oomraon 
p r e c u r s o r .
I n  T e l e o s t s .  T a b le  5,  1(B)
C h o l i c  and d e o x y c h o l i c  a c i d  have  b e e n  f o u n d  i n  t h e  b i l e  o f  
t h e  bony f i s h ,  and  t h e  p a r a l l e l i s m  b e tw e e n  t h e  p o s s e s s i o n  o f  
a  bony s k e l e t o n  and  t h e  s e c r e t i o n  o f  b i l e  a c i d s  i s  i n t e r e s t i n g .
C h o l i c  and d e o x y c h o l i c  a c i d  have  b e e n  i s o l a t e d  f ro m  t h e  b i l e s  
o f  t h e  T e l e o s t s  i n v e s t i g a t e d .  ( T a b l e  Y)  A p o s s i b l e
i n t e r m e d i a t e  b e tw e e n  7 - d e h y d r o c h o l e s t e r o l  and i s o c h o l i c  a c i d
75
was i s o l a t e d  f r o m  t h e  b i l e  o f  t h e  f C i g i - f i s h '  (O h ta ,  1 9 2 9 ) .
A t e n t a t i v e  s t r u c t u r e  f o r  t h i s  s u b s t a n c e  was t e t r a h y d r o x y -  
n o r s t e r o c h o l a n i c  a c i d  w i t h  h y d r o x y l  g r o u p s  a t  p o s i t i o n s
2 , 6 , 1 2  and  24. H y d r o x y l  g r o u p s  a t  p o s i t i o n  6 a r e  o n ly
76
f o u n d  i n  t h e  b i l e  a c i d s ,  o f  t h e  hog .  Isaife. & A z a to  (1940)
CW)
fo u n d  t h i s  s u b s t a n c e  i n  
t h e  b i l e s  o f  t h e  'B a r i *  
& *Fugu^ f i s h ,  a s  w e l l .
T e t r a h y d r o x y n o r s t e r o c h o l a n i c  a c i d ,
«•{CHx)aCU-tW.Coort
Ort
B i l e  a c i d s  i n  t h i s  g ro u p  a r e  w i t h o u t  e x c e p t i o n ,  c o n j u g a t e d
w i t h  t a u r i n e ,  e v e n  i n  t h e  c a s e  o f  P l e c o g l o s s u s , t h e  " sw ee t
59
f i sh"^ ,  w h ic h  hqis a n  e n t i r e l y  v e g e t a r i a n  d i e t .  (Hob ay  a s  h i ,
1927)
0 ) I n  A m p h ib ia n s .  T a b le  6 . 1 1 ( a )
T e t r a h y d r o x y b u f o s t a n e ,  C^„H.pOp:; i s o l a t e d  f r o m  t h e  w i n t e r
81
b i l e  o f  t o a d s  (îÆakino, 1922) i s  a  compound r e l a t e d  t o  b o t h
scym no l  and  t h e  b i l e  a c i d s .  B u f o d e o x y c h o l i c  a c i d ,
80
^24^40^4  ( Okamura, 1928, ^ ^ )  was o x i d i s e d  t o  d e l iy â fô -  
b u f o d e o x y c h o l i c  a c i d ,  a n  i s o m e r  o f  d e o x y c h o l i c  a c i d .
TABLE 6.
BILE ACIDS IN 2a) AMPHIBIANS.
X 5 "
Animal B i le  A c id s & r e ­
la t e d  compounds
Type o f  
co n ju ­
g a t io n
A uthors Year R ef.
FROG
Rana c a t e s -  
biana Shaw
U n s p e c if ie d  
T etra  & T r ih y -  
d roxych o lan e  
T r ih y d r o x y b is -  
n o r s te r o c h o -  
l a n ic  a c id
T M o lesch o tt  
Kazuno & 
K uraski 
M abuti, H.
1852
1939
1941
77
78
79
TOAD
Buf a v u lg a r is  
japonic a
B u fod esoxy -
c h o l ic
From w in­
t e r  b i l e
Okamura,T. 1928 80
T etrah yd roxy­
b u f o s ta n e
C27% 8°5
r e la t e d  to  
b i l e  a c id s  
& scym nol
M akino, A. 1933 81
TOAD T r ih y d r o x y is o -
s t e r o c h o le n ic
a c id
T rih y d ro x y b u fo -
s t e r o c h o le n ic
a c id
In term ed ia ­
r i e s  between 
s t e r o l s  & 
b i l e  
a c id s .
S h im izu ,T . 
& Kazumo, 
M.
1936 82
'W Z 6
Two s t r u c t u r a l  i n t e r m e d i a t e s ,  b e tw e e n  s t e r o l s  and  b i l e  a c i d s ,
82
have  b e e n  fo u n d  i n  t o a d  b i l e  by S h im iz u  & Kazumo (1936)
C H 3 CHj,
H C H = C H  CH CH C O * #
T r i h y d r o x y b u f o s t e r o c h o l e n i c  a c i d
014
H CH =  C H  CM '  C H -  
COMi C(^
T r i h y d r o x y i s o s t e r o c h o l e n i c  a c i d
77
F ro g  b i l e  y i e l d e d  a  b i l e  a c i d  ( M o l e s c h o t t ,  1852} w h ic h  was
78
n o t  f u r t h e r  i n v e s t i g a t e d .  Kazuno (1 93 9 )  i s o l a t e d  t h e  
s u l p h u r i c  a c i d  e s t e r  o f  a n  u n s a t u r a t e d  s u b s t a n c e ,  
f r a n  t h e  b i l e  o f  Rana C a t e s b i a n a  Shaw. From t h i s  h e
CHj
o b t a i n e d  t h e  t e t r a h y d r o x y c h o l a n e
TABLE 7 .
BILE ACIDS IN 2b) REPTILES,
Anim al
B i le  A c id s  & R e la te d  
Compounds
Type o f  
co n ju ­
g a t io n .
A u th ors Year R ef.
TURTLE Te tr a h y d r o x y s t e r o -
c h o la n ic  la c to n e  
n M
and tr ih y d r o x y -  
compound.
Y am asaki, 
K.
Kim, C.
1936
1939
83
84
Amyda ja p o n ic a  
Erays o r b ic u la r i s
SNAKE
Boa
P yth on  (p h yton  
t i g r i s )  
E la p h e q u a d r iv i-  
g a ta  
E lap h ecarm ata  
B othrops a l t e r -  
n a ta .
B ungarus m u lc t i -  
t in o tu B , 
C r o ta lu s  t e r r i -  
f i c u s .
U n s p e c if ie d . T S c h l i ^ r
S c h lo s s -
h e r g e r
1846
1857
85
86
C h o lic
C h o le s t e r o l  o n ly  
C h o lic
T Iw ato & 
Watanabe 
Imarnura, 
H.
»
«
1935
1940
87
88
79
M a b u t i  (1 9 4 1 )  a l s o  i s o l a t e d  t r i h y d r o x y b i s n o r s t e r o o l i o l a n i o
a c i d  f r o m  t h e  b i l e  o f  Rana  C a t e s b i a n a  Shaw.
d) I n  R e p t i l e s .  T a b l e  7 .  (b )
T e t r a h y d r o x y s t e r o c h o l a n i c  l a c t o n e s  h a v e  b e e n  i s o l a t e d  f r o m
83
t h e  b i l e  o f  A m y d a J a p o n ic a  (Y a m a sa k i ,  1936)  a n d
84
S m y s o r b i c u l a r i s  (Kim, 1 9 3 9 ) .  C h o l i c  a c i d  i s  t h e  o n l y  
b i l e  a c i d  w h i c h  h a s  s o  f a r  b e e n  i s o l a t e d  f r o m  s n a k e  b i l e .
T a b l e  8 . BILE ACIDS IN B3RDS
B i r d B i l e  A c i d u § -  
lo n ^
A u t h o r Y e a r Ref,
CO OSE
HEN
DUCK
TURKEY
PHEASANT
C h e n o d e o x y c h o l i c  
a c i d
A p o c h e n o d e o x y c h o l i c  
C a l l o d e o x y c h o l i c  
T a u r o c h o l i c  
I s o l i t h o c h o l i o
C h o l i c
C h e n o d e o x y c h o l i c  
C h o l i c
C h e n o d e o x y c h o l i c  
C h o l i c
C h e n o d e o x y c h o l i c  
—  1 —
T
Char
a v i a n
b i l e
a c i d
Same
a s
c h e n o
d eoxy
c h o l i c
Always
w i t h
T a u r i n e
M a r r s o n 1849 89
T a k a h a s h i 1938 90
Yonemura 1928 91
Y am asa k i 1933 92
H oshim a  T 1930 93
M or i  T. 1938 94
rt T
T Ohta  K. 1939 95
TABLE 9. COMT'D.
BILE ACIDS IN AKIIvIALS A) HERBIVORES.
Animal B i l e  a c i d s  & d e r i v a t i v e s
Type o f  
coigiga-  
t i o n .
\ A u th o r Year
‘
Beî
Ox ( c o n t ) 3 - h y d r o x y - 1 2 -
k e t o c h o l a n i c .
W ie la n d  & 
K i s h i
1933 111
7 - 1 2 - d i h y d r o x y -  
3 - k e t o c h o l a n i c .
Sm all  am ts .  
a h o u t  5  m g . /  
l i t r e .
H aslew ood,  
G. A. D.
1946 112
3 : 1 2 - d i h y d r o x y - 7 -  
k e t o c h o l a n i c .  
S a p o c h o l i c  
S t e r o c h o l i c  a c i d R e l a t e d  to  
s t e r o l s  i n  
c o m p o s i t i o n  
& h i l e  a c i d s  
i n  p r o p e r t i e s ,
W ie la n d  & 
Hanke. 
W ie lan d  & 
K i s h i .
1936
1933
113
111
}If
TABLE 9.
BILE ACIDS IN ANIMALS A) HERBIVORES.
Animal B i l e  a c i d s  & d e r i v a t i v e s .
Type o f  
c o n ju g a ­
t i o n ^
-r A u th o r Year
M a r s u p i a l
Kangaroo
C h o l i c .  Deoxy­
c h o l i c .  Gheno- 
d e o x y c h o l i c .
G.T. S c h lo s s b e r g e r  
Kimraa, T.
1859
1937
ifi
11
Mammals
Hare
D e o x y c h o l ic
T e t r a h y d r o x y -
c h o l a n i c .
P o s s i b l y  a 
p a r e n t  su b ­
s t a n c e .  Com­
p l e t e  a b se n c e  
o f  c h o l i c .
Windaus,A. 
van S c h o o r ,  
A.
1928 Q
R a b b i t C h o l i c  ot-Zfp
l a g o d e o x y -
c h o l i c .
C h o l i c  was o r i ­
g i n a l l y  t h o u g h t  
t o  be a b s e n t .
K i s h i  S. 
I s h im o ,  N.
1936
1938
9
9
G u i n e a - P i g Chenodeoxy­
c h o l i c  3 -  
h y d r o x y - 7 -  
k e t o c h o l a n i c
T No c h o l i c  a c i d .  
K e t o - a c i d  an 
i n t e r m e d i a t e  
compound.
I m a i ,  I . 1937 101
N u t r i a - R a t
M y o c as to r
Coypus.
N u t r i a  c h o l i c G B r i g l ,  P. 
B e n e d i c t ,  0
1933 1Ü
A n t e lo p e C h o l i c  Deoxy­
c h o l i c .
W indaus , A. 
van Schoor .
1 9 2 8 9
Goat C h o l i c  Deoxy­ G.& T D e o x y c h o l ic  
c h a r a c t e r i s t i c  
a c i d .  S to n e s  
i n  2nd  stcmach.
B e n ts c h
S c h ren k
1 8 4 8
1925
10
10
1
Sheep c h o l i c T B e n ts c h 1 8 4 8 10
Musk-Ox C h o l i c  Deoxy­
c h o l i c .  _
G.& T. Hammarsten 1904 10
Ox C h o l i c  
D e o x y c h o l i c  
L i t h o c h o l i c
Chenodeoxy­
c h o l i c
G.T. B e n t s c h  
L ach in o v  
W ie land  & 
Weyland. 
W ie lan d  & 
R e v ery
1 8 4 8
1885
1 9 2 0
1924
10
10
10
11
o) I n  B i r d s .  ^ T a b le  8 ^
The c h a r a c t e r i s t i c  a v i a n  b i l e  a c i d  i s  c h e n o d e o x y c h o l i c ,  f i r s t
89
i s o l a t e d  f r o m  g o o s e  b i l e  by M a r r s o n  i n  1849.  C h o l i c  a c i d
90
o c c u r s  w i t h  i t ,  i n  s e v e r a l  s p e c i e s .  T a k a h a s h i ,  (1 9 3 8 )  
r e p o r t e d  a  b i l e  a c i d  w h ic h  he  c a l l e d  ^ a p o c h e n o d e c x y c h o l i c ^  
f r o m  h e n  b i l e .
93
I s o l i t h o c h o l i c  was f o u n d  i n  h e n  b i l e  i n  1930 by Hoshima^ .
B i l e  a c i d s  i n  b i r d s  a r e  c o n j u g a t e d  w i t h  t a u r i n e ,  n o t  g l y c i n e ,  
f ) I n  M a m m a ls . ( T a b l e  9 )
The m am m alian  s p e c i e s  i n v e s t i g a t e d  h a v e  b e e n  g r o u p e d  a c c o r d i n g  
t o  d i e t .  A, H e r b i v o r e s  an d  3 ,  C a r n i v o r e s  and O m n iv o re s .  G l y c i n e  
c o n j u g a t i o n  p r e d o m i n a t e s  among H e r b i v o r e s ,  T a b l e  9 A, b u t  i n  
a l l  c a r n i v o r o u s  a n i m a l s  t h e  b i l e  a c i d s  a r e  c o n j u g a t e d  w i t h  
t a u r i n e .  Some o m n iv o r e s  h a v e  b o t h  t y p e s  o f  c o n j u g a t i o n .
The H a re  a n d  t h e  R a b b i t
96
I n  h a re m s  b i l e ,  W indaus  & Van S c h o o r  (1 9 2 8 )  f o u n d  d e o x y c h o l i c
a c i d  a n d  a  t e t r a h y d r o x y c h o l a n i c  a c i d ,  p o s s i b l y  a  p a r e n t
s u b s t a n c e .  T h e r e  i s  no  c h o l i c  a c i d ,  a s  i n  g u i n e a  p i g s ,  v /h ich
may be r e l a t e d  t o  t h e  l a v i s h  b i l e  f l o w  i n  t h e s e  a n i m a l s .
R a b b i t  b i l e  was a l s o  t h o u g h t  t o  c o n t a i n  no  c h o l i c  a c i d ,  b u t  
97
I s h i m o  ( 1 9 3 8 )  s u c c e e d e d  i n  i s o l a t i n g  a  s m a l l  ( q u a n t i t y .  A
c a r b o n y l  p r e c u r s o r  o f  t h e  b i l e  a c i d s  was s u s p e c t e d  i n  r a b b i t
b i l e ,  b u t  h a s  n o t  y e t  b e e n  i s o l a t e d .  D e o x y c h o l i c  a c i d  
98
(Okam ura ,  1930)  a n d ^ L a g o d e o x y c h o l i c  a c i d  a r e  a l s o  p r e s e n t .
l a g o d e o x y c h o l i c  a c i d s ,  t h e  c h a r a c t e r i s t i c  b i l e  a c i d
99
i n  t h e  a n i m a l  w e r e  i s o l a t e d  b y  K i s h i  ( 1 9 3 6 )  a n d  s e p a r a t e d  
by s o l u b i l i t y  ^ d i f f e r e n c e s .  The c o n s t i t u t i o n  o f  t h e s e  a c i d s
h a s  n o t  y e t  b e e n  e l u c i d a t e d .  Thee/  a c i d  (mp 1 5 6 ° )  i s  n o n -
p r e c i p i t a b l e  by d i g i t o n i n  and  t h e  p a c i d  m e l t s  a t  21 30 .  T h is
100
r e s e m b l e s  a  s u b s t a n c e  r e p o r t e d  f r o m  M unich  by D o r r e r  (1 9 3 2 )
f r o m  ox b i l e .  K i s h i  c l a i m e d  t h a t  - l a g o d e o x y c h o l i c  a c i d  was
101 ,
t h e  1 2 - e p i m e r  o f  d e o x y c h o l i c  a c i d  b u t  R e i c h s t e i n  ( 1942)  (r Koechbn 
c o m p a re d  t h e  m e l t i n g  p o i n t s  and  o t h e r  p r o p e r t i e s  o f  t h e s e  
compounds a n d  p r o v e d  t h a t  t h e y  w e r e  n o t  t h e  same s u b s t a n c e .
O H
- l a g o d e o x y c h o l i c
OH
D e o x y c h o l i c
^ - l a g o d e o x y c h o l i c  m.p.iiî»
I n  t h e  G u i n e a - P i g .
G-uinea p i g  b i l e  c o n t a i n s  a  h y d r o x y k e t o a c i d ,  3 - h y d r o x y - 7 -
102
k e t o c h o l a n i c  a c i d , ^ i s o l a t e d  by  I m a i  ( 1 9 3 7 ) .  C h e n o deo x y­
c h o l i c  a c i d  i s  a l s o  p r e s e n t .
3 3
I n  t h e  Ox
S i n c e  l a r g e  a m o u n t s  o f  o x - h i l e  a r e  e a s i l y  o b t a i n a b l e ,  t h e
b i l e  a c i d s  h a v e  b e e n  t h o r o u g h l y  i n v e s t i g a t e d .  C h o l i c  a c i d
was r e p o r t e d  b e f o r e  1848 a n d  b o t h  t y p e s  o f  c o n j u g a t i o n
. 108
r e c o g n i s e d .  L a c h i n o v  (1 8 8 5 )  i s o l a t e d  d e o x y c h o l i c  a c i d .
114
I n  1911 F i s c h e r  o b t a i n e d  l i t h o c h o l i c  a c i d  f r c m  ox g a l l s t o n e s ,
109
a n d  i n  1920 W i e l a n d  and  W eyland  i s o l a t e d  t h e  same a c i d  f r o m
o x b i l e .  T r a c e s  o f  c h e n o d e c c c y c h o l i c  a c i d  Yiere  r e p o r t e d  by
1 1 0  115
Vfi e l a n d  a n d  R e v e r y  (1 9 2 4 )  a n d  a c c o r d i n g  t o  S a b a  (1 9 3 9 )
l a r g e  a m o u n t s  may be  p r e s e n t .  S m a l l  q u a n t i t i e s  o f  s t e r o ­
c h o l i c  a c i d  a n d  3 - h y d r o x y - ’A 2 . - k e to c h o l a n i c  a c i d  w e re  f o u n d  by
111
W i e l a n d  a n d  K i s h i  ( 1 9 3 3 )  a n d  '^Sapj&ocholic a c i d "
113 112
^ 2 8 ^ 4 6 ^ 4  W ie l a n d  a n d  H ank e  ( 1 9 3 6 ) .  H a s le w o o d  (1 9 4 6 )
i s o l a t e d  7 : 1 2 - d i h y d r o x y - 3 - k e t o - a n d  3 : 1 2 - d i h y d r o x y - 7 - k e t o -
c h o l a n i c  a c i d s ,  w h i c h  o c c u r  i n  v e r y  s m a l l  a m o u n t s .
T a b le  lOB. C a r n i v o r e s  & O m nivores
I n  t h e  Hog
The b i l e  a c i d s  i n  t h e  hog  a r e  d i s t i n c t i v e  a n d  p o s s i b l y  r e l a t e d  
t o  t h e  m e t a b o l i c  p e c u l i a r i t i e s  o f  t h e  s p e c i e s .  The
c h a r a c t e r i s t i c  b i l e  a c i d  i s  3 : 6 - d i h y d r o x y c h o l a n i c  a c i d ,
116 13 
I i y o d e o x y c h o l i c  a c i d  (G - ru n d e la ch  & S t r e c k e r ,  1 8 4 7 ) .  F i e s e r -
r e p o r t s  t h a t  t h e  h i p p o p o t a m u s  a l s o  p o s s e s s e s  h y o d e o x y c h o l i c
a c i d ,  b u t  d o e s  no:^ g i v e  a  r e f e r e n c e .  B o tho C and  k f o r m s  o f
117
t h e  a c i d  w e re  f o u n d ,  t h e  a c i d  by K im u ra  ( 1 9 3 7 ) .  
C h e n o d e o x y c h o l i c  a c i d  was i s o l a t e d  f r o m  s w in e  g a l l  by I d o  a n d
TABLE 10 B. 
CARNIVORES AND OMNIVORES.
W easel C h o lic T S ih n , T & T aka, T. 1937 123
M arten C h o lic  D e o x y c h o lic O h ta , K. 1937 53
O tte r H II S ih n , T. 1937 123
P ox II II II 1937 123
K ih a r a , Y. 1938 124
Dog II II T S t r e c k e r 1849 125
S e a l X p h o c o c h o lic T H yd roxy l Hammarsten 1909 126
g rou p s a t W indaus & van S c h o o r ,
3 ,  7  & 2g A. 1928 96
m .p . 222°
W alrus s  « W indaus & van S c h o o r , 1928 96
A. 1938 127
L eopard T K im ura, T. 1937 117
L ion T T a n a k i, K. 1931 128
P o la r  B ear u r s o d e o x y c h o lic T N a t u r a l ly Hammarsten 1901 129
o c c u r r in g Schoda 1927 130
Kazumo, K. 1929 131
C h o l ic ,  ch en o d eo x y ­ G U rso d eo x y ­ K azin o 1931 132c h o l i c c h o l i c  con j . Iw e sa k i 1935 133
w ith  g ly c in e . M iy a z i , S. & I s a h 1937 134
1939 135
Hog -  H y o d e o x y c h o lic G C h a r a c te r i­ G undelach & S tr e c k e r 1847 116
s t i c  a c id
100p6 g ly c o
c o n ju g a t io n
B -H y o d e o x y c h o lic K im ura, T. 1937 117L it h o c h o l i c S ch oen h eim er 1937 1 122
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118
S a k u r a i ,  ( 1 9 3 9 ) .
C^)
OH
DL & I-fyodeoxycholic  a c i d
OH
The c o r r e s p o n d i n g  3 - b y d r o x y - 6 - k e t o a c i d  was i s o l a t e d  b y  
119
F e r n h o l z , (1935)  a n d  a l s o  by t h e  p - c a r b o x y p h e n y l h y d r a z i n e
120
m e th o d ,  A n c h e l  and  S c h o e n h e im e r ,  ( 1 9 3 8 ) .  The
121
c o n f i g u r a t i o n  o f  t h i s  a c i d  was s t u d i e d  by S u g iy a m a ,  ( 1 9 3 7 ) .
L i t h o c h o l i c  a c i d  was o b t a i n e d  f r o m  hog g a l l s t o n e s  by
122
S c h o enh e im e^  & J o h n s to n ^  ( 1 9 3 7 ) .  The i n c i d e n c e  was s m a l l ,  
7 s t o n e s  i n  6 ,1 5 0  h o g s ,  b u t  t h e  a u t h o r s  s u g g e s t  l i t h o c h o l i c  
a c i d  i s  a l s o  p r e s e n t  i n  n o r m a l  hog b i l e .
0
3 - H y d r o x y - 6~ k e t o c h o l a n i c  a c i d ,
The o t h e r  p e c u l i a r i t y  i s  t h a t  hog b i l e  i s  d e v o id  o f  t a u r i n e  
w h ic h  would  make m e t a b o l i c  i n v e s t i g a t i o n s  i n t e r e s t i n g ,  s i n c e
s u c h  a  c l e a r  c u t  d i f f e r e n t i a t i o n  i n  c o n j u g a t i o n  i s  r a r e .
140
However ,  i n  a  more r e c e n t  a n a l y s i s ,  I r v i n  (1939)  r e p o r t s
t h a t  94fo o f  t h e  b i l e  a c i d s  were  combined w i t h  g l y c i n e ,  and
6 ^  w i t h  t a u r i n e .
D r i e d  hog b i l e  had  t h e  same c h o l e r e t i c  e f f e c t  on
t h e  b i l e  o u t p u t  o f  f i s t u l a  d o g s ,  a s  d r i e d  ox b i l e .  ( Bermann 
141
Snapp and  I v y ,  1941 ) .  P u r e  h y o d e o x y c h o l i c  had  t h e  same
c h o l e r e t i c  e f f e c t  a s  c h o l i c  a c i d ,  b u t  t h i s  was u n a f f e c t e d  by
o x i d a t i o n .  î h i s  i s  i n  c o n t r a s t  t o  t h e  r e s u l t s  o b t a i n e d  w i t h
142
ox b i l e .  (Bermann,  Snapp & I v y ,  ( 1 9 4 0 ) .
The B e a r .  The c h a r a c t e r i s t i c  b i l e  a c i d  of  b e a r ^ s  b i l e  i s
129 130
u r s o d e o x y c h o l i c  (Hammarsten ,  1901 & Scho d a ,  1 9 2 7 ) ,  a
n a t u r a l l y  o c c u r r i n g  e p im e r  o f  c h e n o d e o x y c h o l i c  a c i d .  T h is
133
was c o n f i r m e d  by I w a s a k i ,  ( 1 9 3 5 ) .
____
Of\ 3 - # y & " 7 - d i h y d r o x y c h o l a n i c
C h e n o d e o x y c h o l i c  a c i d .
3%
1 3 4
G l y c o - u r s o d e o x y c h o l i c  a c i d  was r e p o r t e d  by  M i y a z i ,  (193V)
1 3 0
C h e n o d e o x y c h o l i c  was a l s o  f o u n d .  ' Shoda (1927)  gave  
I ' a u r i n e  a s  t h e  p r e d o m i n a n t  amino  a c i d  i n  b e a r ' s  b i l e .
3 ^
1 . 4 .  THE PHYSIOLOGICAL H'ÆPQRTAHCE OF " B I IE  SALTS
The g r e a t  s u r f a c e  a c t i v i t y  o f  b i l e  s a l t s  i s  l a r g e l y
r e s p o n s i b l e  f o r  t h e i r  p h y s i o l o g i c a l  i m p o r t a n c e .  A c c o u n t s  o f
t h e  p r o p e r t i e s  o f  b i l e  s a l t s  c a n  be f o u n d  i n  s t a n d a r d  w orks
143 144
s u c h  a s  S o b o t k a  o r  B e s t  and  T a y l o r  . T h e i r  i m p o r t a n c e
145
i n  j a u n d i c e  i s  r e v i e w e d  by O t t e n b e r g  ( 1 9 3 8 ) .
A l t h o u g h  e a r l i e r  w o r k e r s  had  t h o u g h t  b i l e  t o  be
146
e s s e n t i a l  f o r  l i f e ,  S c o t t ,  (1945)  s u c c e e d e d  i n  m a i n t a i n i n g
b i l e  f i s t u l a  dogs  i n  p e r f e c t  h e a l t h ,  p r o v i d e d  t h e y  were  g i v e n
a d e q u a t e  a m o u n ts  o f  t h e  f a t  s o l u b l e  v i t a m i n s ,  i n t r a v e n o u s l y .
I n  t h e s e  d o g s ,  t h e  e s s e n t i a l  p a r t  p l a y e d  by t h e  b i l e  was
s i m p l y  t o  f a c i l i t a t e  t h e  a b s o r p t i o n  o f  V i t a m i n s  A, B, K a n d  '
E. S t e r o i d  ho rm ones  c a n ,  h o w e v e r ,  be a b s o r b e d  i n  t h e
147 148 a- MmnikcKe,
a b s e n c e  o f  b i l e .  ( S e y l e ,  ( 1 9 4 3 ) .  Von P u e r t h ,  ( 1930) and  
149
V e r z a r ,  (1 9 3 1 )  r a t h e r  o v e r - e m p h a s i s e d  t h e  i m p o r t a n c e  of
150
b i l e  i n  f a t  a b s o r p t i o n .  J o s e p h s o n  and  R y d in ,  (1 93 6 )  showed
a  d i f f e r e n c e  i n  t h e  b i l e  a c i d  l e v e l s  i n  t h e  p o r t a l  and
s y s t e m i c  b l o o d  s t r e a m s ,  t h e  p o r t a l  v a l u e s  b e i n g  c o n s i d e r a b l y
151
h i g h e r .  T h i s  a g r e e d  w i t h  R i e g e l ^ s ,  (19 35 )  . f i n d i n g s  and  was
152
l a t e r  c o n f i r m e d  by J e n k e  and  G r a f f ,  ( 1 9 3 9 ) .  The h y p o t h e s i s
t i i a t  a  b i l e  a c i d / f a t t y  a c i d  co m p lex  p a s s e d  t h r o u g h  t h e
i n t e s t i n a l  v i l l i ,  a f t e r  w h ic h  s e p a r a t i o n  o c c u r r e d ,  v/as n o t
153
• c o n f i r m e d  by F r a z e r ,  (1943  M ).  He f o u n d  t h a t  n e u t r a l  
f a t s  a n d  f a t t y  a c i d s  were  n o t  a b s o r b e d  i n  t h e  same way.
l i p o l y s i s  b e i n g  a  d e t e r m i n i n g  f a c t o r  i n  t h e  p a t h  o f  
154
a b s o r p t i o n  (1943  (lltilŸi) ) .  E m u l s i f i c a t i o n ,  h o w e v e r ,  was
g r e a t l y  i n f l u e n c e d  by b i l e  s a l t s  and  t h e  opt imum c o n d i t i o n s
w ere  g i v e n  by b i l e  s a l t  s / f a t t y  a c i d / m o n o g l y c e r i d e ,  o v e r  a  pH
r a n g e  4 - 8 . 5 ,  a  s y s t e m  w h ic h  i s  i n d e p e n d e n t  o f  any  pH cirnnge
155
w h ic h  m i g h t  o c c u r  i n  t h e  i n t e s t i n e  ( F r a z e r ,  1 9 4 4 ) .
4 i
I .  5* ACTION OF BACTERIA ON BILE ACIDS
1, R e d u c t i o n .  C h e n o d e o x y c h o l i c  a c i d  was o b t a i n e d  by t h e
b a c t e r i a l  r e d u c t i o n  o f  d e h y d r o c h e n o d e o x y c h o l i c  a c i d ,  u s i n g
156
B. c o l i  c o n m u n is .  (_Sihn, ( 1 9 3 8 ) .  The b a c t e r i a l  r e d u c t i o n
157
o f  d e h y d r o c h o l i c  a c i d  v/as i n v e s t i g a t e d  by j th c u i ,  ( 1 9 3 7 ) ,
158
w o r k i n g  w i t h  B. c o l i  coroiEunis f r c m  f a e c e s ,  & M o r i ,  (1939 ) 
w i t h  P r o t e u s  v u l g a r i s .  I n  b o t h  c a s e s  t h e  s a i æ  r e d u c t i o n  
p r o d u c t  7 : h y d r o x y  3 : 1 2  : d i k e t o e  h o l a n i c  a c i d ^ w a s  o b t a i n e d .
0
D e h y d r o c h e n o d e o x y c h o l i c
Ht
C h e n o d e o x y c h o l i c
The s e l e c t i v e  r e d u c t i o n  o f  t h e  K e to  g r o u p  a t  C^ a l s o  t a k e s
15 9
p l a c e  i n  t h e  a n i m a l  body ( F u k u i  & I s h a d a ,  1 9 3 7 ) .  The 
r e s u l t s - s h o u l d  be com pared  w i t h  t h o s e  o f  Y am asak i  & ICyogoku 
( 1 9 3 7 ) .
1 6 0
4 ^
0
D e h y d r o c h o l i c  a c i d
0
7 - h y d r o x y - 3 : 1 2 - d i k e t o ­
c h o l a n i c  a c id #
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2 .  O x i d a t i o n  I n  1925 Koozoo I l a g k i r o  i n v e s t i g a t e d  t h e  
a c t i o n  o f  B. c o l i  commun i s  on c h o l i c  a c i d ,  a p p a r e n t l y
162
h o p i n g  t o  o b t a i n  t h e  same o x i d a t i o n  c r o d u c t s  t h a t  T a u z e r
163
(190 9 )  and  W ie la n d  & S c h u l t z ,  (1923)  i s o l a t e d  a f t e r  c h e m i c a l
o x i d a t i o n  w i t h  n i t r i c  a c i d .  A l l  he  r e p o r t s  i s  t h e  i s o l a t i o n
of  a  c r y s t a l l i n e  a c i d i c  s u b s t a n c e  m .p .  198^.  a l t h o u g h
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R o s e n t h a l ) W i 8 l i c k i  & Pommene-Ile, (1927)  & B o l lm a n n ,
164 ■'
^  îvlann, {1933)  t h o u g h t  t h a t  t h e  l i v e r  p l a y e d
a  p r e d o m i n a n t  p a r t  i n  t h e  d e s t r u c t i o n " o f  b i l e  s a l t s ,
166
S c h m id t  and  H u g h e s ,  (1942)  showed t h a t  c h o l i c  a c i d  i n c u b a t e d
w i t h  l i v e r  i n  v i t r o  i s  i n  no  way d e s t r o y e d .  I n  g u i n e a  p i g s
t h e  oaeoum p l a y s  a n  i m p o r t a n t  p a r t ,  s i n c e  i f  i t  was r e n d e r e d
f u n c t i o n a l l y  i n a c t i v e  by l i g a t i o n ,  8 8 ^  o f  t h e  a d m i n i s t e r e d
b i l e  a c i d  c o u l d  be r e c o v e r e d ,  w h e r e a s  i n  t h e  i n t a c t  a n i m a l
r e c o v e r y  was o n l y  45yL C h o l i c  a c i d  was t h e n  shown t o  be
d e s t r o y e d  i n  t h e  i s o l a t e d  caecum, and  i n  m e d ia  i n c u b a t e d  w i t h
a  s u s p e n s i o n  o f  c a e c a l  c o n t e n t s .  The h e a t  l a b i l e  o r g a n i s m
167
r e s p o n s i b l e  was A l c a l i g e n e s  f a e c a l i s .  S ch m id t  a n d  Hughes
(1 9 4 2 )  t h e n  i n v e s t i g a t e d  t h e  f a c t o r s  i n f l u e n c i n g  t h e  c a t a b o l i s m
o f  c h o l i c  a c i d  by p u r e  s t r a i n s  o f  A l c a l i g e n e s  f a e c a l i s .  They
fo u n d  t h a t  t h e  o x y g e n  s u p p l y ,  t h e  c o n c e n t r a t i o n  o f  c h o l i c  a c i d
and  t h e  s t r e n g t h  o f  t h e  in n o c u lu m  w ere  a l l  o f  i m p o r t a n c e .
A. f a e c a l i s  c u l t u r e d  i n  s e ru m  was a l s o  f o u n d  t o  o x i d i s e
d e o x y c h o l i c  a c i d ,  h y o d e o x y c h o l i c  a c i d ;  l i t h o c h o l i c  a c i d  a n d
d e h y d r o i s o a n d r o s t e r o n e  t o  k e t o - d e r i v a t i v e s ,  w h i l e  o e s t r i o l
a n d  o e s t r a d i o l  w e re  u n a f f e c t e d .  The s u b s t a n c e  g i v i n g  a
n e g a t i v e  G r e g o r y  and P a s c o e  r e a c t i o n  w h ic h  was t h e  end
. p r o d u c t  o f  t h i s  c a t a b o l i s m  was f o u n d  t o  be 3 : 7 : 1 2 - t r i -
168
k e t o c h o l a n i c  a c i d .  ( Hoehn,  S ch m id t  a n d  H u gh es ,  ( 1 9 4 4 ) )
The c o u r s e  o f  t h e  o x i d a t i o n  was t h e n  i n v e s t i g a t e d  and  a  
s t e p w i s e  o x i d a t i o n  o f  t h e  h y d r o x y l  g r o u p s  p o s t u l a t e d ,  and  
l a t e r  p r o v e d .  The f i r s t  o x i d a t i o n  p r o d u c t  was 3 : 1 2 -  
d i h y d r o x y - 7 - k e t o c h o l a n i c  a c i d ,  w h ic h  was n o t  i s o l a t e d  a s  
s u c h ,  b u t  d e r i v a t i v e s  s u c h  a s  t h e  monosemi c a r b a z o n e  w e re  
o b t a i n e d .  S e c o n d l y  3 - h y d r o x y - 7 : 1 2 - d i k e t o c h o l a n i c  a c i d  was
4 - 4
i s o l â t  ed a s  t h e  d i  sem i  c a r b a z o n e  ürojn t h e  r e a c t i o n  m i x t u r e .  
F i n a l l y  3 r 7 : 1 2 - t r i k e t o c h o l a n i c  a c i d  was i s o l a t e d  p u r e  and  i n  
h i g h  y i e l d .
OH
H
C ( b
O
C h o l i c  A c id .
3 : 1 2 - d i h y d r o x y - 7- k e t o
3 - h y d r o x y - 7 : 1 2 - d i k e t o
3 : 7 : 1 2  t r i k e t o
OXIDATION OF CHOLIC ACID
4-r
The h y d r o x y l  g r o u p s  a r e  t h e r e f o r e  a t t a c k e d  i n  t h e  o r d e r  7, 
1 2 , 3 ,  a s  i n  o x i d a t i o n  by c h ro m ic  a c i d .  I t  i s  i n t e r e s t i n g  
t o  com pare  t h i s  w i t h  t h e  o r d e r  o f  r e d u c t i o n ,  w h i c h  o c c u r s  
f i r s t  a t  Cy i n  r a b b i t s  and  by c e r t a i n  b a c t e r i a ,  b u t  a t  Cg 
i n  t o a d s ,  by y e a s t  and  c h e m i c a l l y .
46
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SA ibuya ,  (1 9 3 2 )  i n j e c t e d  d e h y d r o c h o l i c ,  a c i d  s u b c u t a n e o u s l y
i n  t o a d s ,  and  r e c o v e r e d  a  new a c i d  f r o m  t h e  u r i n e .  T h i s
a c i d  v/as t h o u g h t  t o  be 3 - h y d r o x y - 7 : 1 2 - d i k e t o c h o l a n i c  a c i d ,
b u t  o n l y  a  v e r y  s m a l l  amount was i s o l a t e d .  T h i s  e x p e r i m e n t
170
was r e p e a t e d  by Y am asak i  a nd  Kyogoku,  (1 93 5 )  a n d  t h e  i d e n t i t y
o f  t h e  h y d r o x y  a c i d  
c o n f i r m e d .  D e h y d ro d e o x y -  
c h o l i c  a c i d  was t h e n  g i v e n  
t o  t o a d s ,  and  3 (j i)  Hydroxy- 
1 2 : k e t o c h o l a n i c  a c i d
D e h y d r o c h o l i c
CW:
3 - h y d r o x y . 7 : 1 2 .
d i k e t o c h o l a n i c
0
i s o l a t e d  f r o m  t h e  u r i n e .  
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(Y a m asak i ,  1 9 3 5 b ) .
S i n c e  t h e  h y d r o x y  a c i d  
c o u l d  be i s o l a t e d  f r o m  t h e  
b i l e ,  t h e  r e d u c t i o n  o f  
d e h y d r o a c i d s  was t h o u g h t
t o  o c c u r  i n  t h e  l i v e r
D e h y d r o d e o x y c h o l i c 3 - ( M H y d r o x y . I B . k e t o c h o l a m c .
A l
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Kyogoicu, (1 9 3 7 )  i s o l a t e d  a  m i x t u r e  o f  t h e  3 (c^) h y d r o x y  12
k e t o o h o l a n i o  an d  t h e  c o r r e s p o n d i n g  ( H  a c i d ,  a f t e r  i n j e c t i o n
172
of  d e h y d r o d e o x y c h o l i c  a c i d .  The same w o r k e r  (1937 b )
t h e n  g a v e  3 ( ol) h y d r o x y  -  7 :1 2  -  d i k e t o c h o l a n i c  t o  t o a d s ,  b u t
o n l y  a  v e r y  s m a l l  q u a n t i t y  
o f  t h e  c o r r e s p o n d i n g  (fb ) a c i d  
was e x c r e t e d .  He s u g g e s t e d  
t h a t  t h e  g r e a t e r  p a r t  o f  t h e
(o^) a c i d  was m e t a b o l i s e d  by
t h e  a n i m a l .
Ik>
Form
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S i h n ,  (1 9 3 8 )  i n j e c t e d  3 - k e t o - 7 :12 d i h y d r o x y c h o l a n i c  a c i d  i n t o  
t o a d s  a n d  r e p o r t e d  t h e  e x c r e t i o n  o f  a  s m a l l  amount  o f  f r e e  
c h o l i c  a c i d ,  i n  a d d i t i o n  t o  a  c o n s i d e r a b l e  q u a n t i t y  o f  t h e  
u n c h a n g e d  k e t o - a c i d .  R e d u c t i o n  o f  t h e  K e t o  g r o u p  a t  Og h a d ,  
t h e r e f o r e ,  o c c u r r e d .
OH
3 - k e t o - 7 : 1 2 - d i h y d r o x y c h o l a n i c
C H O L I C  RCir>0
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f u k a m o t o ,  (1 9 3 9 )  u s e d  3 : 6 - d i k e t o a l l o c h o l a n i c  a c i d ,  a l s o  i n  
t o a d s ,  t o  s e e  i f  a  c h a n g e  o v e r  f r o m  a l l o c h o l a n i c  t o  
c h o l a n i c  w ou ld  o c c u r .  Unchanged  d i k e t o - a c i d  was i s o l a t e d
4 ^
f r o m  th e  b i l e  a n d  t h e r e  was a  v e r y  s m a l l  e x c r e t i o n  o f  t h e  
3 (|3 ) h y d r o x y - 6 - k e t o a l l o c h o l a n i c  a c i d  i n  t h e  u r i n e .  
I n j e c t i n g  t h e  (p )  h y d r o x y  a c i d  was t h e n  t r i e d ,  b u t  i t  was 
e x c r e t e d  u n c h a n g e d .  I t  m us t  b e  p o i n t e d  ou t  t h a t  t h i s  
s u b s t a n c e  i s  f o r e i g n  t o  t h e  o r g a n i s m ,  and had  a  m arked
d i u r e t i c  and  c h o l e r e t i c  
e f f e c t  on t h e
3 : 6 : h i k e t o a l l o c  h o l a n i c
3 :H y d ro x y ~ 6 - k e t o a l l o -
e x p e r i m e n t a l  a n i m a l s .
17,5
M a b u t i  (1941)  gav e  
3 oL'6*oC d i h y d r o x y c h o l a n i c  
a c i d  t o  f r o g s  (Rana 
C a t e s b i a n a  Shaw) I n v e r s i o n  
o c c u r r e d  a t  . Oc;, b u t  n o t  • ■O '
a t  Gg.
A p o c h o l i c  a c i d  c o u l d  be c h a n g e d  t o  d i h y d r o x y c h o l e n i c  a c i d  by
176
t h e  a c t i o n  o f  u l t r a  v i o l e t  l i g h t  o r  s u n l i g h t  ( S i h n ,  (1939)
so  i t  was o f  i n t e r e s t  t o  s e e  i f  t h i s  c h a n g e  o c c u r r e d  i n  t h e
177
a n i m a l  body .  A p o c h o l i c  was g i v e n  t o  t o a d s  ( S i h n ,  1 9 3 9 b )
and  s m a l l  a m o u n ts  o f  t h e  d i h y d r o x y c R o l e n i c  a c i d  v/ere
i s o l a t e d  f r o m  t h e  b i l e . _ .  Toads  v/ere a l s o  u s e d  i n  an
e x p e r i m e n t  w i t h  ’ s i t o s t e r o l ^  
178
by A s h i k a r i ,  (1 9 36 )  who 
fo u n d  t h a t  t h e  s i t o s t e r i n
Ap 0  c h o 1i c ^ a c i d
p a s s e d  t h r o u g h  t h e  l i v e r  
and  was e x c r e t e d  u n c h a n g e d  
i n  t h e  b i l e .  No i n t e r ­
m e d i a r i e s  c o u ld  be i s o l a t e d
D i h y d r o x y c h o l e n i c  f r o m  t h e  u r i n e  o r  f a e c e s ,
a c i d
A s i m i l a r  s e r i e s  o f  e x p e r i m e n t s  was c a r r i e d  o u t  w i t h  r a b b i t s .  
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F u k u i  & I s h a d a ,  (1 9 3 7 )  i n j e c t e d  r a b b i t s  w i t h  d e h y d r o c h o l i c
a c i d .  Some was e x c r e t e d  u n c h a n g e d ,  b u t  a  s m a l l  amount o f
7 - )  h y d r o x y - 3 : 1 2 - d i k e t o c h o l a n i c  a c i d  was i s o l a t e d  f r o m  t h e
u r i n e .  S e l e c t i v e  r e d u c t i o n  a t  Cy had  o c c u r r e d  i n  t h e
mammalian o r g a n i s m ,  w h e r e a s
i n  t h e  t o a d s .  Or. was a t t a c k e d  
180
f i r s t .  Kim, (193 8 )
r e p o r t e d  t h e  i s o l a t i o n  of  
d e o x y c h o l i c  a c i d  f r o m  r a b b i t  
u r i n e  a f t e r  g i v i n g  
d e h y d r o c h o l i c  a c i d .
The a u t h o r  m e n t i o n e d  t h a t  
g l y c o d e o x y c h o l i c  a c i d  i s  
p r e s e n t  i n  r a b b i t  b i l e ,  a n d  
i t  w ou ld  be p o s s i b l e  f o r  
d e o x y c h o l i c  a c i d  t o  be s p l i t  
o f f  f r OUI t h i s  by ^ g l y c o c h o l a s e ^  
i n  t h e  k i d n e y .  The same
o
7-()3 ) h y d r o x y - 3 : 1 2 - d i k e t o -
c h o l a n i c  a c i d . ^ ^ g , ^  K
r
D e h y d r o c h o l i c
D e o x y c h o l i c
5 o
r e s u l t  was o b t a i n e d  when d e h y d r o d e o x y c h o l i c  a c i d  was 
i n j e c t e d .  M i y a z i  (1 9 38 )  i s o l a t e d  3 ( ^ ) ~ 6 (oC)dihydroxya l l o ~ 
c h o l a n i c  a c i d  f r o m  r a b b i t  u r i n e ,  a f t e r  g i v i n g  3 : 6 - d i k e t o -  
a l l o c h o l a n i c  a c i d .  E p i m é r i s a t i o n  a t  had  o c c u r r e d ,  b u t  
t h e r e  was no c h a n g e  o v e r  f r o m  a l l o - c h o l a n i c  t o  c h o l a n i c .
o
3 : 6 - d i k e t o a l l o c h o l a n i c  a c i d
CH
3( |5 ) 6 ( ü j A l l o d i h y d r o x y c h o l a n i c
S i n c e  t h e  c h a n g e  o v e r  f r o m  a  s t e r o l  s u c h  a s  e r g o s t e r o l  i n  t h e
f o o d ,  t o  a  b i l e  a c i d ,  h y d r o g e n a t i o n  o f  a  d o u b l e  bond m us t
o c c u r ,  a n  u n s a t u r a t e d  k e t o a c i d  1 2 - k e t o c h o l e n i c  a c i d  Vfas g i v e n
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t o  t h e  a n i m a l s  (M o r i ,  ( 1 9 3 9 ) .  A v e r y  l a r g e  y i e l d  o f  
d e o x y c h o l i c  a c i d  was o b t a i n e d ,  s o  t h a t  p r o b a b l y  some o f  t h i s  
was f r o m  e x i s t i n g  g l y c o d e o x y ^ h o l i c  a c i d .
Cfb
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1 2 - k e t o c h o l e n i c  a c i d .
Kim (1939.) u s e d  g u i n e a  p i g s  i n  a  m e t a b o l i c  e x p e r i m e n t .  
C h o l i c  a c i d ,  w h ic h  i s  n o t  p r e s e n t  i n  g u i n e a  p i g  b i l e  was 
i n j e c t e d ,  t o  o b t a i n  i n f o r m a t i o n  a b o u t  t h e  f o r m a t i o n  o f
d e o x y c l i o l i o  f r o m  c h o l i c .  He fo u n d  s c a r c e l y  any  d e o z g c h o l i c
i n  b i l e  o r  u r i n e ,  b u t  b a s e d  a  h y p o t h e t i c a l  r e d u c t i o n  t h e o r y
on t h e  o c c u r r e n c e  o f  d e r i v a t i v e s  s i m i l a r  t o  t h e  3 - h y d r o x y - 7 -
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d i k e t o c h o l a n i c  a c i d  i s o l a t e d  by Im a i  ( 1 9 3 7 ) .  P a r t i a l  
o x i d a t i o n  o f  c h o l i c  a c i d  i s  p o s t u l a t e d ,  t o  g i v e  3 - h y d r o x y - 7 : 
1 2 - d i k e t o c h o l a n i c .  C om ple te  r e d u c t i o n  a t  Cy, g i v i n g  3 -  
h y d r o x y  1 2  k e t o c h o l a n i c , and  t h e n  p a r t i a l  r e d u c t i o n  o f  t h e  
K e to  g r o u p  a t  at, R
Ho'
parl?ai ox)'o(a(7on Q C h o l i c  Acid
. .  r T S
3 - h y d r o x y - 7 : 12- 
d i k e t  o c h o l a n i c
3 - h y d r o x y - 1 2  
k e t o c h o l a n i c
D e o x y c h o l i c  a c i d
S i m i l a r l y  Gliexiodeox^T'cholic c o u l d  be fo rm ed  f r o m  c h o l i c  a c i d ,  
and  i n  t h i s  c a s e  t h e  i n t e r m e d i a t e  a c i d  i s  t h e  3 - h y d r o x y - 7 -  
k e t o e h o l a n i c  m e n t i o n e d  a b o v e .
C h o l i c  A c id
3 - h y d r o x y - 7 : 1 2 - d i k e t o c h o l a n i o
3 - h y d r o x y - 7 - k e t o c h o l a n i c
Ho
C h e n o d e o x y c h o l i c
■ V
C4%
P.
o
Qi, 12.
I t  a p p e a r e d  f r o m  t h e s e  e x p e r i m e n t s ,  t h a t  r e d u c t i o n  of
k e t o - a c i d s  d i d  n o t  o c c u r  i n  t h e  same way i n  mammals a s  i n
a m p h i b i a n s .  I n v e r s i o n s  a t  Cr, o c c u r r e d  i n  b o t h  g r o u p s  o fo
a n i m a l s ,  b u t  i n  n e i t h e r  was t h e r e  any  c h an g e  f r o m  t h e  
a l l o c h o l a n i c  t o  c h o l a n i c  s e r i e s .
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7) IH5 EFFECT OF BILS SALTS a )  O r a l l y
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a )  T h i s  was i n v e s t i g a t e d  i n  dogs by D o u b i l e t  (1937 ^  #  # ) .
When d e o x y o h o l i e  a c i d  a n d  c h o l i c  a c i d  w ere  g i v e n  t o  a  b i l e
f i s t u l a  c a s e  t h e  o u t - p u t  o f  b o t h  a c i d s  i n  th e  b i l e  was
i n c r e a s e d .  When a  l a r g e  q u a n t i t y  o f  d e o x y c h o l i c  a c i d  was
g i v e n ,  a l t h o u g h  t h e  t o t a l  o u t p u t  o f  b i l e  a c i d s  i n c r e a s e d ,  t h e
o u t p u t  o f  c h o l i c  a c i d  f e l l .  A p r o p o r t i o n a t e  i n c r e a s e  i n
c o n j u g a t e d  b i l e  a c i d s  was o b s e r v e d ,  b u t  t h i s  was e n t i r e l y  a s
g l y c o c h o l i c  a c i d .  T h i s  i n c r e a s e  i n  c o n j u g a t e d  a c i d s  d i d  n o t
o c c u r  when c h o l i c  a c i d  was f e d .  I n  b i l e  f i s t u l a  d o g s ,
v a r i o u s  p u r e  b i l e  a c i d s  w ere  g i v e n  o r a l l y ,  sjid t h e  b i l e s
, 186
a n a l y s e d  by h o u b i l e t s  (1936)  m e th o d .  The o b s e r v a t i o n s  on
man, y_uoted a b o v e ,  w e re  c o n f i r m e d  and  t h e  o u t p u t  o f  c h o l i c  and
d e o x y c h o l i c  a c i d  fo u n d  t o  be c o m p le m e n ta r y .  The t o t a l  o u t p u t
o f  b i l e  a c i d s  r e m a i n e d  c o n s t a n t .  N a t u r a l  d o g - b i l e  s a l t s
p r o d u c e d  t h e  l a r g e s t  o u t p u t  o f  c o n c e n t r a t e d  b i l e ,  u n e o n j u g a t e d
b i l e  a c i d s  had  l e s s  e f f e c t ,  w h i l e  k e t o - a c i d s  had  t h e  l e a s t
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a c t i o n .  However ,  Hermann, Snapp and  Ivy  (19 4 0 )  r e p o r t e d  
d i f f e r e n t  r e s u l t s  u s i n g  t h e  same e x p e r i m e n t a l  a n i m a l .  They 
f o u n d  t h a t  u n c o n j u g a t e d  m o n o - , d i - , o r  t r i - k e t o - a c i d s  had  t h e  
g r e a t e s t  c h o l e r e t i c  e f f e c t ,  w h i l e  c o n j u g a t e d  b i l e  s a l t s  and  
 ^o x i d i s e d  b i l e  s a l t s   ^ h ad  a  s i m i l a r ,  l e s s  m arked  a c t i o n .  
P o s s i b l y  c h o l e r e t i c  a c t i v i t y  was s l i g h t l y  s u p p r e s s e d  by 
c o n j u g a t i o n .  A p p a r e n t l y ,  t h e  b i l i a r y  c h o l i c  a c i d  i n c r e a s e
^ 4 -
came o n l y  f r o m  t h e  o h o l a t e s  f e d ,  s y n t h e s i s  by t h e  l i v e r  
b e in g  u n a f f e c t e d .  T hese  w o r k e r s  s u g g e s t e d  t h a t  t h e  l i v e r  
d e a l t  d i f f e r e n t l y  w i t h  k e t o - b i l e  a c i d  a s  o p p o se d  t o  
h y d r o x y a c i d s .  The s m a l l  i n c r e a s e s  i n  t h e  amount o f  k e t o -  
b i l e  a c i d s  a f t e r  o h o l a t e s  w ere  f e d  w a s , p r o b a b l y  due  t o  
o x i d a t i o n  i n  t h e  l i v e r .
b) I n t r a v e n o u s l y  i n  a n i m a l s  and  man The l i v e r  was t h o u g h t
t o  d i s p o s e  o f  p e r i p h e r a l l y  i n j e c t e d  b i l e  s a l t s .  C h a b r o l ,
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C o t t e t  and  S a l l e t t  ( 1 9 3 6 ) .  I f  a c o n s i d e r a b l e  q u a n t i t y  o f
so d iu m  c h o l a t e  was i n j e c t e d  i n  r a b b i t s , t h e  g r e a t e r  p a r t
d i s a p p e a r e d  f r o m  t h e  b l o o d  s t r e a m  i n  4 m i n u t e s  and  a f t e r  30
m i n u t e s ,  t h e  b l o o d  o h o l a t e s  had  r e t u r n e d  t o  t h e  p r e - i n j a c t i o n
22
l e v e l .  J o s e p h s o n ,  J u n g n e r  and  R y d in  ( 1 9 3 8 ) .  Rlien t h e  
l i v e r  v e s s e l s  w ere  l i g a t e d ,  t h e  b l o o d  l e v e l s  w e re  s t i l l  much 
l o w e r  t h a n  one w ou ld  e x p e c t  i f  t h e  o ho l a t e  w e re  s im p ly  d i l u t e d  
by t h e  b l o o d .  F i x a t i o n  o f  t h e  o h o l a t e s  by t h e  t i s s u e s  was 
s u g g e s t e d  a s  a n  e x p l a n a t i o n .  J o s e p h s o n  (1 9 3 8 )  w o r k i n g  w i t h  
c a t s  v f i t h  e x p e r i m e n t a l  o b s t r u c t i v e  j a u n d i c e ,  f o u n d  no s u c h  
d i s a p p e a r a n c e  o f  t h e  i n j e c t e d  b i l e  a c i d s ,  and  t h e  
c o n c e n t r a t i o n s  d i d  c o r r e s p o n d  w i t h  s i m p l e  d i l u t i o n  f i g u r e s ,  
lie c o n c l u d e d  t h a t  i n  n o r m a l  a n i m a l s  a  f i x a t i o n  m ech an ism  w as  
p r e s e n t  w h ic h  w as  a b s e n t  i n  j a u n d i c e .  A b s o r p t i o n  on v e s s e l  
w a l l s  w h ic h  o c c u r r e d  i n  n o r m a l s ,  was p r e v e n t e d  i n  j a u n d i c e  a s  
t h e  t i s s u e s  w e re  a l r e a d y  s a t u r a t e d  w i t h  b i l e  s a l t s .
S'S"
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J o s e p h s o n ,  J u n g n e r  & R y d in  (1938)  fo u n d  t h a t  i f  o h o l a t e s
w ere  i n j e c t e d  d i r e c t l y  i n t o  t h e  p o r t a l  v e i n  i n  n o r m a l
r a b b i t s , t h e  e x p e c t e d  d e c r e a s e  did- n o t  o c c u r  and  b l o o d  l e v e l s
r e m a i n e d  h i g h  f o r  some t i m e .  T h i s  d i d  n o t  o c c u r  i n  c a t s .
They s u g g e s t e d  t h a t  l o c a l  f l o o d i n g  o f  t h e  l i v e r  w i t h  a  h i g h
c o n c e n t r a t i o n  o f  b i l e  s a l t s  p a r a l y s e d  t h e  e x c r e t o r y  m echan ism .
The q u a n t i t a t i v e  e x c r e t i o n  of  a d m i n i s t e r e d  o h o l a t e s  by t h e
189
l i v e r ,  was shown by B o l lm a n  and  Mann (1 93 6 )  & J o s e o h s o n  &
22
R y d in  ( 1 9 3 8 ) .  T h i s  was c o n f i r m e d  u n d e r  more p h y s i o l o g i c a l
23
c o n d i t i o n s  by J o s e p h s o n  & Larrson ( 1 9 3 9 ) .  The e f f e c t  o f
d e h y d r o c h o l a t e s  i n t r a v e n o u s l y  was i n v e s t i g a t e d  by S t e r n e r ,
190 191
B a r t l e  & Lyon ( 1 9 3 1 ) . L io h tm a n  (19 3 6 )  com pared  t h e  b l o o d
c l e a r a n c e  and  r e n a l  e x c r e t i o n  o f  c h o l i c  and  d e o x y c h o l i c  a c i d .
The b l o o d  d e o x y c h o l a t e  r e m a in e d  e l e v a t e d  f o r  a  c o n s i d e r a b l e
t i m e .
c)  I n  L i v e r  D i s e a s e . I n  o b s t r u c t i v e  j a u n d i c e ,  when t h e  l i v e r
p a re n ch v m a  i s  u n i n j u r e d ,  p r o d u c t i o n  and  t r a n s p o r t  o f  t h e  b i l e
192
a c i d s  s t i l l  c o n t i n u e d .  (V/hipple  and S m i th  (1930)  a n d
193
B o l lm a n  and  i% n n  ( 1 9 3 5 ) )  The c o n c e n t r a t i o n  o f  c h o l a t e s  i n
t h e  b l o o d  i n  c a s e s  o f  o b s t r u c t i v e  j a u n d i c e  was r e p o r t e d  t o
h a v e  r e a c h e d  v a l u e s  a s  h i g h  as  30  mg. / 1 0 0  ml.  v fhereas  i n
h e p a t i t i s ,  10 m g . / lO O  1 was t h e  maximum am oun t .  J o s e p h s o n  
194
& K a u n i t z  (1 9 3 7 )  showed t h a t  t h e  h e p a t o - b i l i o - l y m p h a t i c  
c i r c u l a t i o n  was r e s p o n s i b l e  f o r  t h i s .  I n  c h o l a n g i t i s  and
K é
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c h o l e c y s t i t  i s , D o u b i l e t  (19 3 6 )  r e p o r t e d  t h e  r e s o r p t i o n
o f  9 / 1 0  c h o l a t e s  f r o m  t h e  g a l l  b l a d d e r  a n d  d u c t s ,  i n t o  t h e
l i v e r .  T h i s  d i d  n o t  seem  t o  o c c u r  i n  o t h e r  c o n d i t i o n s .
The e l i m i n a t i o n  o f  i n j e c t e d  c h o l a t e s  i n  n o r m a l  and
e x p e r i m e n t a l l y  j a u n d i c e d  a n i m a l s ,  was co m p a red  by
22 195
J o s e p h s o n ,  J u n g n e r  and  R y d in  (1938  ^ 4 ^  ).  The
j a u n d i c e  was o b s t r u c t i v e  -  l i g a t i o n  o f  t h e  b i l e  d u c t s ,  o r
f r o m  l i v e r  p o i s o n s  s u c h  a s  CCl^.  D i f f e r e n t  e l i m i n a t i o n
c u r v e s  i n  t h e s e  t y p e s  o f  l i v e r  d i s e a s e  w e re  r e p o r t e d .  The
a d m i n i s t r a t i o n  o f  d e h y d r o c h o l i c  a c i d  was u s e d  a s  a  l i v e r
197
f u n c t i o n  t e s t  by A d l e s b e r g  ( 1 9 2 4 ) .  He r e p o r t e d  a n
i n c r e a s e d  l o w e r i n g  o f  s u r f a c e  t e n s i o n  i n  n o r m a l s  and  n o t  i n
l i v e r  d i s e a s e ,  w h ic h  i s  c o n t r a r y ,  b o t h  t o  e x p e c t a t i o n s  and
t o  l a t e r  f i n d i n g s .
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I n  1934,  Nalcagavao- g a v e  d e h y d r o c h o l i c  a c i d  o r a l l y
and  i n t r a v e n o u s l y  a s  a  l i v e r  f u n c t i o n  t e s t ,  and  f o u n d  b i l e
a c i d s  p r e s e n t  i n  t h e  u r i n e  i n  c a s e s  o f  l i v e r  d i s e a s e ,  b u t
n o t  i n  n o r m a l s , However ,  t h e  m ethod  o f  e s t i m a t i o n  i s  open
t o  c r i t i c i s m .  The e l i m i n a t i o n  i n  im n ,  a f t e r  0 . 5  g .  s o d iu m
23
c h o l a t e  i n t r a v e n o u s l y  was s t u d i e d  by J o s e p h s o n  & L a r r s o n
196
( 1 9 3 9 ) .  I n  1943 ,  J o s e p h s o n  p u b l i s h e d  r e s u l t s  v / i t h  t h i s  
t e s t  on p a t i e n t s  w i t h  v a r i o u s  t y p e s  o f  l i v e r  d i s e a s e ,  a n d  
c l a i m e d  t h a t  t h e  c u r v e s  o b t a i n e d  w e re  s u f f i c i e n t l y  d i f f e r e n t  
t o  be o f  d i a g n o s t i c  u s e .
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8. A BRIZE S m V Z I  OF THE ZZATAODZ IN TH2
ESgllAVIlON OF BILB A G lIg  .INI B^AA SrxlIB
A. M e th o d s  b a s e d  on t h e  P h y s i c a l  P r o p o y t i o s  o f  B i l e
S a l t s .
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1) O p t i c a l  R o t a t i o n  H o p p e - S e y l e  (18 63 )  r e l a t e d  t h e
s p e c i f i c  r o t a t i o n  o f  t h e  b i l e  a c i d s  t o  t h e i r .
c o n c e n t r a t i o n  i n  body f l u i d s .  T h i s  m ethod  was m o d i f i e d  
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by R o s e n t h a l  (1 93 0 )  b u t  g a v e  u n r e l i a b l e  r e s u l t s .
2) S u r f a c e  a c t i v i t y  The a l t e r a t i o n  i n  t h e  s u r f a c e  t e n s i o n
o f  a  l i q u i d  by s m a l l  amoujats  o f  b i l e  h a s  b e e n  u s e d  f o r  many
y e a r s .  H a y ’ s q u a l i t a t i v e  t e s t  f o r  b i l e  s a l t s  i n  u r - in e ,
d e p e n d s  on  t h i s ,  b u t  e v e n  u n d e r ' c a r e f u l l y  c o n t r o l l e d
c o n d i t i o n s ,  i . e .  c o n s t a n t  pH e t c .  t h e  r e s u l t s  a r e  i n  no way
201  '
q u a n t i t a t i v e .  N o r g a a r d  (1 9 3 6 )  c l a i m e d  t h a t  a
q u a n t i t a t i v e  i n t e r p r e t a t i o n  f r o m  H a y ’ s t e s t  was p o s s i b l e ,  and
t h r e w  some l i g h t  on l i v e r  f u n c t i o n .  J o s e p h s o n  ( u n p u b l i s h e d )
u s e d  a  s u r f a c e  t e n s i o n  m ethod  f o r  i c t e r i c  s e r a  w h ic h  gave
r e s u l t s  o f  c l i n i c a l  i m p o r t a n c e ,  b u t  he e m p h a s i s e d  t h e
202
r e l a t i v e  n a t u r e  o f  t h e s e  v a l u e s .  K a u n i t z ,  G-onzato e t  a l
203
a l s o  u s e  a  s u r f a c e  t e n s i o n  m ethod  f o r  se ru m .  hozma.n (1 9 0 9 )
i n v e s t i g a t e d  t h e  s u r f a c e  t e n s i o n  o f  u r i n e ,  u s i n g  a  s i n g l e  d ro p
m e th o d ,  and  f o u n d  w id e  v a r i a t i o n s  among n o r m a l s  and  many
i n t e r f e r i n g  f a c t o r s .  V a r i o u s  o t h e r  v^orkers  ( T a o l e  17 ) u s e d
264
more o r  l e s s  t h e  same m ethod  and  Duco and  P a n z a  (1 9 3 0 )
s t a b i l i s e d  t h e  o o n d . i t i o n s  by w o r k i n g  a t  pH 2, when t h e  
e l e c t r o l y t e s  i n  u r i n e  no l o n g e r  i n t e r f e r e d .  T h e i r  r e a d i n g s  
b e f o r e  and  a f t e r  t r e a t i n g  t h e  u r i n e  w i t h  c h a r c o a l ,
205
r e p r e s e n t e d  t h e  b i l e  a c i d  c o n t e n t .  M o r r i s o n  and Swalm
(19 3 9)  s i m p l i f i e d  t h i s  m e th o d ,  b u t  :h ey  o b t a i n  v e r y  h i g h
n o r m a l  v a l u e s ,  a n d  f i g u r e s  o f  a b o u t  2 gms/lOO m l.  i n  u r i n e
206
f r o m  j a u n d i c e  c a s e s .  Dognon & G-ougerot (1 9 42 )  u s e  a
p h y s i c a l  m e th o d  f o r  e s t i m a t i n g  q u a l i t a t i v e l y  t h e  b i l e  i n
u r i n e , by t h e  d i s p e r s a l  o f  a  s u r f a c e  f i l m  o f  o i l  on w a t e r  by
one d r o p  o f  t h e  t e s t  u r i n e .
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3) H a e m o l y s i s  L i e h t man (1 9 3 4 )  e s t i m a t e d  b i l e  s a l t s  by
t h e i r  pow er  t o  h a e m o ly s e  b l o o d .  He u s e d  a  s t o c k  s o l u t i o n
o f  s h e e p  e r y t h r o c y t e s , e x p r e s s i n g  t h e  r e s u l t s  i n  t e r m s  of
d e o x y c h o l a t e .  V a l u e s  f o r  o t h e r  b i l e  a c i d s  c o u l d  be
o b t a i n e d  f r o m  ’h a e m o l y s i s  e q u i v a l e n t s ’ .
3 .  C h e m ic a l  M ethods  
2 0§
1) F o s t e r  & H o o p e r  (19 1 9 )  c a l c u l a t e d  t h e  c o n c e n t r a t i o n  o f
t h e  c o n j u g a t e d  b i l e  a c i d s  i n  b i l e ,  f r o m  t h e  g a s ometr i c
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e s t i m a t i o n  o f  t h e  am ino  a c i d s  (Van S l y k e s  m e t h o d ) .  T h i s ,
t o g e t h e r  w i t h  a  s u l p h u r  d e t e r m i n a t i o n  was u s e d  by S c h m id t  f  
210 29
D a r t  (1 9 2 1 )  an d  R o s e n t h a l  ( 1 9 2 3 ) .  However ,  t h e
p o s s i b i l i t y  o f  s i g n i f i c a n t  am o u n ts  o f  f r e e  b i l e  a c i d s  i n
p a t h o l o g i c a l  b i l e s  was n o t  t a k e n  i n t o  a c c o u n t  by s u c h
a n a l y s e s .
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2) G r a v i m e t r i c  B r e u s c h  (19 3 4 )  u s e d  a  g r a v i m e t r i c  m e th o d .
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COLORIMETRIC ANALYSIS OP BILE ACIDS
Authors Date Ref
p e tten k o ffe r 1844 216
Enderlin 1850 217
Kuelz 1875 218
Drechsel 1883 219
Udransky 1888 220
Neuberg & 
J o lie s .
1908 221
Ville & 
B a rrie r.
1908
-9
222
Inouye &Ito 1908 223
Herzfeld & 
S z ila rd
1924 224
Szilard 1925 213
Perlzweig & 
Barron
1926 225
Chi ray & Cury 1928 226
Gregory & 
Pascoe.
1929 227
Nakagawa 1930 228
Tashiro 1931 229
Reinhold & 
Wilson
1932 230
Yamasaki
Kusui
Scott
1933
1933
1934
231
232
233
Chabrol e t  a l 1934 -234
R e a g e n t s C o lo u r Comment
Conc.H2 S0 ^  S u g a r ,  s t a r c h  
o r  s a c c h a r o s e .
L e s s  s t r o n g  HoSO), o r  
F r u c t o s e
Cone. E PO^ S u g a r  
F u r f u r a l
Cone. E 2 8 OL F u r f u r a l
HjPO^ V a n i l l i n  a n i ­
s a l d é h y d e .
V a n i l l i n
M o d i f i e d  P T K -E n d e r l in  
r e a c t i o n .
G l a c i a l  a c e t i c  b e n z o y l  
p e r o x i d e  & HgSO^
A c e t i c  a n h y d r i d e  & 
HgSO^
F u r f u r a l
5 0 ^  H2 8 0 h P i i r f u r a l
H^PO^ F u r f u r a l  
H2S0 ^  F u r f u r a l
H2 8 0 h A c e t i c  A c id  
 ^ F u r f u r a l
He. m o d i f i e d  Hammarsten 
He.Cane s u g a r  
H C l . o r  H^PQqFructose
HjPOLVanillin
P u r p l e
Blue
Red
P u r p l e
P i n k
Blue
Dark
g r e e n
Brown
B l u e -
g r e e n
Blue
Red
F l u o r e ­
sc e n c e
Blue
Blue
Orange
Red-
p u r p l e
P in k
Very u n s p e c i f i c  
More s p e c i f i c
n o t  v e r y  s e n ­
s i t i v e .
F u ra n e  r i n g  i n  
t h e  s u g a r  mole­
c u l e  r e a c t e d  so 
th e  a ld e h y d e  
was u s e d .
More s p e c i f i c
S p e c i f i c  and  
s e n s i t i v e
U n s p e c i f i c  
u n r e l i a b l e  
C o lo u r  b e t t e r  
i n  p r e s e n c e  o f  
a c e t i c  a c i d .
U nspecific
Not v e r y  s e n ­
s i t i v e .
b u t  i i ig h  vacuuia s e p a r a t i o n  of  t h e  f a t t y  a c i d s  was f i r s t
n e c e s s a r y .  T i t a l i  (1881)  s u g g e s t e d  t h e  u s e  o f  t h e  h i g h l y
i n s o l u b l e  a l k a l o i d  s a l t s  o f  t h e  b i l e  a c id s ,  b u t  t h i s  has  n o t
a o o a r e n t l y  b e e n  f o l l o w e d  up.
213
3. V o lu m e t r i c  S z i l a r d  (1926)  c o n v e r t e d  t h e  b i l e  a c i d s
i n t o  t h e i r  f e r r i c  s a l t s  and  a n a l y s e d  them by an  i r o n
t i t r a t i o n  m ethod .  S c r u p u l o u s  a n a l y t i c a l  p r e c a u t i o n s  were
n e c e s s a r y ,  and  b lo o d  l e v e l s  by t h i s  method w ere  h i g h .
214 215
Katayama ( 1 9 2 8 ) .  P e o p l e s  (1927)  i n c o r p o r a t e d
t h i o g l y c o l l i c  a c i d  " in to  t h e  p r o c e d u r e ,  t h e  i r o n  compounds
b e in g  i n s o l u b l e  i n  w a t e r  b u t  s o l u b l e  i n  ,95/  a l c o h o l .
4. C o l o r i m e t r i c  Methods i n  w h ic h  t h e  b i l e  a c i d s  w ere
d e t e r m i n e d  c o l o r i m e t r i c a l l y  p r o v e d  th e « m o s t  p r o m i s i n g .  The
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o r i g i n a l  (1884)  P e t t e n l c o f f e r  r e a c t i o n  i s  t h e  b a s i s  o f  
most  m odern  m e th o d s .  T a b le  11 g i v e s  t h e  r e f e r e n c e s  t o  t h e  
r e a g e n t s  employed i n  t h e s e  c o l o u r  r e a c t i o n s .
The g r e a t e r  s p e c i f i c i t y  i n  t h e  more r e c e n t  a n a l y s e s  was
o b t a i n e d  by  c a r e f u l  a d j u s t m e n t  o f  t h e  r e a g e n t  c o n c e n t r a t i o n s
and by e l im in a tio n  o f  in te r fe r in g  substances. Schmidt ^
(1 9 3 7 )  and  ( 1 9 4 2 ) ,  Josephson^^"^  ( 1 9 3 5 ) , I r w i n  J o h n s t o n  &
K o p a la ^ ^ ^  ( 1 9 4 4 ) .  H am m ars ten*s^^^  (1909)  r e a c t i o n  h a s  b e e n
231m o d if ie d  by Yamasaki (1 9 3 5 ) .  In t h i s  c a se  th e  b i l e  a c id  i s  
warmed w ith  c o n c e n tr a te d  h y d r o c h lo r ic  a c i d ,  and a b lu e  c o lo u r  
d ev e lo p e d .
M. /J i.
TABLE 12 .
STEROIDS GIVING A POSITIVE PETTEH- 
KOPFER (SCHMIDT) REACTION.
A p o c h o l i c  a c i d  
C h e n o d e o x y c h o l i c  a c i d  
C h o l i c  a c i d  
n o r - c h o l i c  
h i s n o r c h o l i c
3-‘S u c c i n i c  e s t e r  o f  m e t h y l  c h o l a t e  
3 - h y d r o x y - 5 - c h o l e n i c  a c i d  
1 2 : h y d r o x y - 3 - c h o l e n i c  a c i d  
M e l 2 ; h y d r o x y - 3 - c h o l e n i c  a c i d  
T r i f o r m y l c h o l i c
3 : 7 : 1 2 -  T r i h y d r o x y n o r c h o l a n y l d i i h e n y l -
c a r h i n o l
D e h y d r o t r a n s a n d r o s t e i c n e a c e t a t e
The orange c o lo u r  produced  hy b i l e  a c id s  in  the p r e sen ce
o f  h y d r o c h lo r ic  a c id  and l a e v u lo s e  was u sed  in  th e  e s t im a t io n
232 "o f  b i l e  s a l t s  in  b lo o d ,  by  Kusui ( 1 9 3 3 ) ,  b u t  the  v a lu e s  so  
o b ta in e d  were g r o s s l y  u n p h y s i o l o g ic a l .  The c o lo u r  r e a c t i o n s  
r e l a t e d  to  the s t r u c t u r e  o f  b i l e  a c id s  and t h e i r  d e r i v a t i v e s : -  ' 
Kerr & Hoehn^^^ ( 1 9 4 4 ) ,  who d i s c u s s e d  th e  s p e c i f i c i t y  o f  
S ch m id t’ s^^^ (1 9 3 7 )  m o d i f i c a t i o n  o f  th e  P e t t e n k o f f e r  r e a c t i o n .
The s t e r o i d  to  be t e s t e d  was d i s s o l v e d  in  g l a c i a l  a c e t i c  a c id  
. and when th e  c o lo u r  had been  d e v e lo p ed  w ith  f u r f u r a l  and s u lp h u r ic  
a c i d ,  more ace t i c  was added. They o b ta in e d  p o s i t i v e  r e s u l t s  w ith  
th e  s t e r o i d s  l i s t e d  in  T ab le  12.
They con c lu d ed  th a t  s a t u r a t e d  s t e r o i d s  w ith  a h y d ro x y l  a t  
G7 w ould g iv e  a p o s i t i v e  r e a c t i o n ,  and a l s o  compounds h a v in g  a 
d ou b le  bond in  one o f  i t s  fo u r  r i n g s ,  would t h e r e f o r e  be e x p e c te d  
to  have a p o s i t i v e  r e a c t i o n .
Hammarsten*s r e a c t i o n  was p o s i t i v e  f o r  c h o l i c  a c id  and i t s  
c o n ju g a te s  and e s t e r s ,  scyraol, a p o c h o l ic  a c i d ,  e t h y l  c h o l a t e ,  
and p h o c a c h o l ic  a c id .  Saba^^^ ( 1 9 4 0 ) i n v e s t i g a t e d  th e  r e a c t i o n s  
o f  v a r io u s  b i l e  a c id s  and d e r i v a t i v e s  and compared Hammarsten*s 
t e s t ,  th e  h y d r o c h lo r ic  a c i d - l a e v u l o s e  t e s t ,  and th e  b en za ld eh yd e
y
r e a c t io n  w ith  th e  m - in i t r o b e n z e n e  t e s t  (T ab le  I 3 ) .
Saba a t te m p te d  t o  r e l a t e  th e  s t r u c t u r e  o f  th e s e  compounds 
w ith  t h e i r  b e h a v io u r  in  th e s e  fo u r  c o lo u r  r e a c t i o n s .  A p o s i t i v e  
Hammarsten was o n ly  g iv e n  by  b i l e - a c i d s  w ith  h y d ro x y l  groups a t  
G^, 0j9  The h y d r o c h lo r ic  a c id  la e v u lo s e  t e s t  was o n ly  p o s i -
TABLE 15.
COLOUR REACTIONS OP VARIOUS BILE ACIDS.
Compound Hammarsten HCl-
B enzaldehyde M -D in itro
L a e v u lo se Immediate D e la y ed Benzene
Cholic & 
con ju gates
P o s i t i v e P o s i t i v e - -
D eoxycholic - - P o s i t i v e - -
Chenodeoxy­
c h o l ic
- - P o s i t i v e - -
Ursodeoxy­
c h o lic
- - - P osit ive
Hyodeoxycholic - - - P o s it iv e
Dehydrocholic - - - - P o s i t i v e
Dehydrodeoxy­
ch o l ic
- - - P o s i t i v e
Dehydrohyocholic - - - P o s i t i v e
Dehydrocheno-
c h o l ic
- - - P o s i t i v e
^ -L agodeoxy-  
c h o l ic
P o s i t i v e -
3:K eto-12:
H ydroxycholanic
- P o s i t i v e - P o s i t i v e
3*Keto—7 #12—DI— 
Hydro c h o la n ic
P o s i t i v e P o s i t i v e
t i v e  in  the  p r e se n c e  o f  h y d r o x y l  groups a t  Gy and G^g* S u b sta n c es  
g i v in g  th e  "Immediate benza ldehyd e  r e a c t io n "  must have a h y d ro x y l  
a t  Gi2 > a h y d r o x y l  o r  k e to  group a t  G3 and no group a t  Gy. As 
c h o l e i c  a c id  gave a p o s i t i v e  r e a c t i o n ,  f a t t y  a c id s  do n o t  i n t e r ­
f e r e .  The "D elayed b en za ld eh yd e  r e a c t io n "  was p o s i t i v e  f o r  b i l e  
a c id s  w ith  no group a t  G%2 ^nd h y d r o x y ls  a t  G3 , Gg and Gy. There  
was an u n ex p ec ted  and i n e x p l i c a b l e  e x c e p t io n  in  th e  c a s e  o f  
- 3 - 6 - d ih yd roxy  c h o la n ic  a c i d ,  w hich gave a n e g a t iv e  r e a c t i o n ,  
u n l ik e  th e  - a c i d .  Woker & Antener^^^ (1 9 3 9 )  r ev iew ed  the c o lo u r  
r e a c t i o n s  o f  th e  s t e r o l s .  M iescher^^^ ( 1 9 4 6 ) t a b u l a t e s  some o f  th e  
c o lo u r  r e a c t i o n s  o f  b i l e  a c id  d e r i v a t i v e s .
The c o lo u r s  g iv e n  by some o f  th e  commoner b i l e  a c id s  w ith  
t h e s e  r e a c t i o n s  are shown in  Table  14.
table 14.
COLORIMETRIC AI-JALYSIS OF BILE ACIDS.
B i l e  A c id C olour  R e a c t io n
R ea g en ts C olour
C h o l ic  and 
C o n ju g a tes
P e t t e n k o f f e r  
Sugar & H2SO4  
G regory & P asco e  
F u r f u r a l  30^ H2SO4  
H3PO4  & V a n i l l i n  
H^POi  ^ & f u r f u r a l  
H3PO4  f u r f u r a l  
Hammarsten HCl 
HOI -  l a e v u l o s e  
H3P0£|, -  l a e v u l o s e
P u rp le
B lu e
P in k
Red
B lu e -g r e e n
B lue
Orange
R ed -p u rp le
D e o x y c h o l ic H3P0 q. & v a n i l l i n  
B en za ld eh yd e  & 
H2804
P in k
G reen
C h en o d e o x y ch o lic B en za ld eh yd e
H28O4
H28O4
p - d  ime t h y  Ih e  n z a ldehyd(
V i o l e t
P u r p le
H y o d e o x y ch o lic B en za ld eh yd e
H2S0i|. V i o l e t
A p o c h o lic PTK Hammarsten
K e t o - a c id s r a -d in itr o h e n z e n e Orange
I .  9 a)
B lo o d  L e v e l s  o f  B i l e  S a l t s  In  a )  Normal B lo o d .
V a r io u s  u n s p e c i f i c  m ethods were u s e d ,  and i n t e r f e r e n c e  
from  c h o l e s t e r o l ,  l i p o i d s ,  e t c .  made th e  r e s u l t s  u n r e l ia b l e ,  
The l e v e l s  fo u n d , t o g e t h e r  w ith  th e  m ethods u s e d ,  are  g iv e n  
in  T ab le  I 5 . Many w orkers f a i l e d  t o  f i n d  any t r a c e  o f  b i l e  
a c id s  in  norm al b l o o d ,  i n c l u d i n g  Walker (1 9 3 0 )  who 
a t t r i b u t e d  some o f  th e  p o s i t i v e  f i n d i n g s  w ith  th e  o r i g i n a l  
P e t t e n k o f f e r  r e a c t i o n ,  t o  G h o le s t e r y l  and Barium o l e a t e s .
BILS
TABLE 15 .
SALTS IN NORIÆAL BLOOD.
^7
Author D ate Method L e v e l  in  
m g./lOO m l.
R ef.
Chabrol & Benard 1921 S p e c t r o s c o p ic  method. 0 - 2 . 0 245
Greene, A ld r ic h  
& RoY/ntree
1927 M o d if ie d  P e t t e n k o f f e r  
r e a c t i o n .
2 .5  -  6 .0 246
C harlet 1929 P e t t e n k o f f e r 3 .0  -  4 .5 247
Coquelet 1927 M o d if ie d  G regory & 9 
P a sc o e .
2 .8  -  4 .0 248
S ch a lsch a  & 1927 F o s te r -H o o p e r  G asom etr ic 2 .6  -  5 . 6  . 249
Lande. m ethod. 5 . 0  -  1 2 .0 214
Katayama 1928 5 . 0  -  1 2 .0 214
Tashiro 1931 F lu o r e s c e n c e 60 -  1 0 0 .0 229
S c h e in f in k e l 1933 S p e c t r o s c o p ic 0 .5  -  0 .8 250
Kusui 1933 HCl and L a e v u lo se 7 . 6  -  1 1 .0 232
Lichtman 1934 H a em o ly s is 0 .5  -  4 . 0 207
Chabrol & 
Gharonnet
1934 P h o sp h o r ic  a c id  and 
v a n i l l i n .
0 .4 234
Josephson 1935 M o d if ie d  G regory & 
P a sc o e .
0 . 6  -  2 .5 237
Ohyama 1938 L a e v u lo se  -  HGl 251
Gigon & N overraz 1940 S u rfa c e  t e n s i o n  m ethod 0 - 1 . 0 252
1ii '
Ù ?
1
i
TABLE 16.
BILE ÀGIDS IN ICTERIC BLOOD.
r
Authors. Year Method B i le  a c id s  m g/100 m l.
L iv e r
D is e a s e R ef.
Gilbert, Chabrol  
Bénard.
1920 P e t t e n k o f f e r . 10 253
Herzfeld & 
Haeramerli.
1925 M o d if ied
P e t t e n k o f f e r .
3 - 1 2 .5 I c t e r u s
neonatorum .
22k
Rosenthal & 
W islicki. 
Schalscha & 
Landé.
1926
1927
G aso m etr ic .
G asom etr ic .
av. 6 .5
tt 15 O b s tr u c t io n .
255
249
Rosenthal & 
Wislicki.
1927 G aso m etr ic . " 10 H e p a t i t i s . 25k
Rowntree jCreewe 
& Aldrich
11i111
1927 M o d if ie d
P e t t e n k o f f e r .
4 -8
5 . 5 - 1 6 . 3
3 . 5 - 1 5 . 3  
5 .1
C ir r h o s i s  w ith  
a s c i t e s .
O b s tr u c t iv e  jaun­
d i c e .
N o n -o b s tr u c t iv e
ja u n d ic e .
H a em o ly tic  jaun­
d i c e .
246
IChabrol e t  a l .
i
1934 P h o sp h o v a n il­
l i n
24  
2 .5 - 5 0  
up t o  9
W e i l ' s .
Prank i c t e r u s .  
C i r r h o s i s .
234
Katayama. 1928 Method n o t  
p u b l i s h e d .
1 8 -48
1 4 -3 0
22-33
A cute o b s t r u c t i o n .  
Chronic o b s tr u c ­
t i o n .
C ardiac  d i s e a s e .
214
Lichtman. 1934 H a em o ly s is . up to  10 L iv e r  d i s e a s e . 207
Josephson.
i1
1939 M o d if ie d  
Gregory & 
P a sc o e .
1 . 9 - 1 0 . 4  
0 . 3 - 8 . 9  
2 .6 —6 .7  
1 . 7 - 4 . 9
O b s tr u c t io n .
H e p a t i t i s .
C ir r h o s i s .
S ec . l i v e r  symptons.
255
l(:igon &
Noverraz.
1940 S .T . lo w e r in g  
o f  serum.
0 . 1 - 2 2 . 0 L iv e r  d i s e a s e . 252
l . . . _  .
-
b) I c t e r i c  b l o o d  -  T a b l e  12J ' '
c )  I n  u r i n e  -  T a b l e  rcVH ^
The e s t i m a t i o n  o f  b i l e  s a l t s  i n  t h e  p r e s e n c e  o f  u r i n a r y  
p i g m e n t s  p r e s e n t s  a  v e r y  d i f f i c u l t  p r o b le m .  Removal  o f  t h e  
p i g m e n t s  h a v e  b e e n  a c c e p t e d  i n  t h e  a p p l i c a t i o n  o f  t h e  
v a r i o u s  c o l o u r  r e a c t i o n s  t o  u r i n e s .  D r a g e n d o r f  (1 8 6 9 )  u s e d  
a c i d i f i c a t i o n  a nd  b e n z e n e  e x t r a c t i o n  f o l l o w e d  by s o l u t i o n  o f  
t h e  b i l e  s a l t s  i n  amyl  a l c o h o l ,  and  t h e  o m g in a l  P e t t e n k o f f e r  
on t h e  d r i e d  r e s i d u e .  S c o t t  (1 9 3 4 )  e s t  i m a t e s  t h e  b i l e  s a l t s  
by t h e i r  c o l o u r  w i t h  h y d r o c h l o r i c  a c i d  a n d  l a e v u l o s e ,  a f t e r  a
l a b o r i o u s  p r e c i p i t a t i o n  w i t h  ammonium s u l p h a t e  and  s o x b i l e t
- -
e x t r a c t i o n .  B o l lm a n  a n d  Mann (19 3 6 )  a p p l i e d  G re g o ry  and
P a s c o e ’ s r e a c t i o n  d i r e c t l y  t o  t h e  d i l u t e d  u r i n e , i g n o r i n g
x^ l
t h e  h i g h  p ig m e n t  b l a n k s .  L ic h tm a n  (1 93 8 )  m ixed  t h e  u r i n e
%35"
w i t h  a l c o h o l  a n d  em ployed  S c h m i d t ’ s (1 9 3 7 )  m o d i f i c a t i o n  o f  
J o s e p h s o n ’ s m e th o d ,  b u t  r e p o r t s  s u c h  h i g h  v a l u e s  i n  n o r m a l  
d o g s ’ u r i n e  t h a t  h i s  r e s u l t s  a r e  s u s p e c t .
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lÆTHODS OF ESTIJÆATING B IL E  SALTS IN  URINE
Author Year Ref. Values found
Normal Icteric
Method
I1. Su] face tension methods
Shemensky 
Doumer & Doumer 
Gilbert,Chabiol & 
Benard 
Mueller 
Adlesberg 
Ducq & Panza 
Morrison &
Swalm
1920
1921
1921
1922
1924
1930
1939
258
259
253
260 
197
204
205 10-350mg,/l00ml.
Up to 82mg./l00ml. 
200-400mg./l00ml.
Schmidt & 
Merrill 
Rosenthal & 
Wislicki
2. Gasometrie
1924
1927
261
254
Up to 600mg./day
Up to 250mg./day 
25mg./l00ml. in 
obstructive jaundice
Nakagawa
Scott
Hoppe-Seyle
Bischoff & 
Looser 
Dragendorf 
Bollmann & 
Mann
Lichtmann
3; Colorimetric
1934
1860
233
252
184 264
1869 256
1936 Undetectable
2.51938 257 100ml
110-340mg./day 
100-350 " "
from 10Qmg./day 
(Experimental 
obstruction)
Generation of 
turbidity on 
adding acetic acid 
HOI & Laevulose 
Modified 
PettenkofferII II
Original "
Gregory & 
Pascoe
Schmidt’8 
modification
■vj
e x p e r i m e n t a l
71 1 .
1. TSE E S T im i I O N  OF CHQLATES . IH BLOOD
1 ) .  The c o l o u r  r e a c t i o n  u s e d :  C h o l i c  a c i d  and  t h e  c o n j u g a t e s
237
g l y c o -  and  t a u r o c h o l a t e s ,  were  e s t i m a t e d  by J o s e p h s o n ^ s  (1935)  
method^ ^  v r i t  h some * mod i f  i  c a t  i o n s . ï n  t h i s  m e th od ,  i n t e r f e r i n g  
s u b s t a n c e s  a r e  removed f ro m  t h e  b lo o d  by e x t r a c t i o n  w i t h  
e t h y l  a c e t a t e  e t c .  and  t h e  b l u e  c o l o u r  g i v e n  by b i l e  a c i d s  
w i t h  5 O70 v / v  s u l p h u r i c  a c i d  and f r e s h  aq^ueous f u r f u r a l ,  i s  
m e a s u r e d  i n  a c o l o r i m e t e r  u s i n g  a n  a p p r o p r i a t e  f i l t e r .
P u r e  aq.ueous sod ium  c h o l a t e  was u s e d  a s  t h e  s t a n d a r d .  
50 mg. c h o l i c  a c i d  was d i s s o l v e d  i n  t h e  t h e o r e t i c a l  amount of 
so d ium  h y d r o x i d e ,  and t h e  volume made t o  100 m l .  D i l u t i o n s  o f  
t h i s  s t o c k  s t a n d a r d  were  made and 1 ml.  p o r t i o n s  u s e d  f o r  t h e  
c o l o u r  r e a c t i o n .
The Optimum c o n d i t i o n s  f o r  t h e  d e v e lo p m e n t  o f  t h e  c o l o u r
a )  C o n c e n t r a t i o n  of  s u l p h u r i c  a c i d .  4 5 ^  v / v  s u l p h u r i c  a c i d  
was recommended by G rego ry  and  P a s c o e  (1926)  f o r  t h i s  
r e a c t i o n .  The u s e  o f  t o o  c o n c e n t r a t e d  a c i d s  r e s u l t s  i n  
c h a r r i n g  and  brown c o l o u r s  a r e  p r o d u c e d .  55^  v /v  
s u l p h u r i c  a c i d  gave  a  l e s s  s t a b l e  b l u e  c o l o u r .  The most  
s u i t a b l e  s t r e n g t h  o f  a c i d  ¥/as f o u n d  t o  be 50^.  v / v .  5 ml.  
o f  t h i s  was a d d e d  t o  1  m l .  of  s t a n d a r d  sodiura  c h o l a t e .
b) P u r i t y  o f  t h e  f u r f u r a l .  Commercia l  s a m p le s  o f  f u r f u r a l  
were  fo u n d  t o  g i v e  d i f f e r e n t  c o l o u r s  w i t h  t h e  s t a n d a r d s .  One 
sam ple  p r o d u c e d  p u r p l e  t u r b i d  . s o l u t i o n s  w i t h  p u re  sod ium  
c h o l a t e ,  i n s t e a d  o f  t h e  d e s c r i b e d  c l e a r  b l u e  c o l o u r .  The
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f u r f u r a l  m u s t  be r e d i s t i l l e d  i m m e d i a t e l y  b e f o r e  u s e  and  
s h o u l d  be a  c l e a r , p a l e  y e l l o w ,  m o b i l e  l i q u i d .  R e d i s t i l l e d  
f u r f u r a l  ( H o p k in s  & W i l l i a m s )  was o b t a i n e d  i n  100 g. a m o u n t s ,  
and  1 m l .  r e d i s t i l l e d  f r o m  a  10 m l .  c a p a c i t y  C l a i s e n  f l a s k  
i n  a  R o s e ^ s  m e t a l  b a th ^  b e f o r e  e a c h  t e s t * 0 . 2  m l .  d i s t i l l a t e  
was d i s s o l v e d  i n  9 . 8  m l .  d i s t i l l e d  w a t e r  v / i th  s h a k i n g .  0 . 5  m l .  
o f  t h i s  s o l u t i o n  {Zfo) was ad d ed  t o  e a c h  tu'be c o n t a i n i n g  
c h o l a t e  an d  s u l p h u r i c  a c i d .  ( I n  p r a c t i c e ,  t h e  a c i d  was 
p i p e t t e d  i n t o  t h e  s t a n d a r d s  w h i l e  t h e  f u r f u r a l  was d i s t i l l i n g ,  
a s ,  i f  t h e  b l o o d  f i l t r a t e s  s t o o d  t o o  lo n g  w i t h  t h e  s u l p h u r i c  
a c i d ,  b r o w n i s h  c o l o u r s  w ere  so m e t im es  p r o d u c e d .  )
c)  D u r a t i o n  o f  h e a t i n g .  The t u b e s  w ere  l i g h t l y  s t o p p e r e d  
w i t h  c o t t o n  v /ool,  w e l l  m ixed  and  imm ersed  t o  w i t h i n  a n  i n c h  
f r o m  t h e  r i m ,  i n  a  m e t a l  w a t e r  b a t h  a t  6 5 ^ ±  1 ° .  Tubes  w e re  
rem oved  a t  5 m in .  i n t e r v a l s  and  c o o l e d  i n  c o l d  r u n n i n g  w a t e r .  
The c o l o u r  r e a c t i o n  became v i s i b l e  a f t e r  5 m in s .  i n  t h e  more 
c o n c e n t r a t e d  s a m p l e s ,  a s  a  r e d  r i n g  a t  t h e  b a s e  o f  t h e  t u b e  
a nd  a f t e r  t h i s  t h e  b l u e . c o l o u r  a p p e a r e d .  The c o l o u r s  w e r e ,  
t h e r e f o r e ,  r e a d  w i t h  two f i l t e r s ,  I l f o r d  s p e c t r u m  g r e e n  604 
a n d  s p e c t r u m  r e d  608,  on the(^Graphif2) S p e k k e r  a b s o r p t i o m e t e r .
The b l u e  c o m po n en t  o f  t h e  c o l o u r  was t h e  m ost  s t a b l e  and  was 
fo u n d  t o  be maiximal a f t e r  15 m in s .  h e a t i n g ,  i n  m ost  c a s e s .
I f  h e a t i n g  was c o n t i n u e d ,  t h e  r e d  com ponen t  i n c r e a s e d  and  
p u r p l i s h  c o l o u r s  w e re  p r o d u c e d .  A l t h o u g h  J o s e p h s o n  
recommends h e a t i n g  f o r  20 m i n u t e s  t h e  o p t i m a l  t im e  f o r  t h e
G\&fh 3>
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d e v e l o p m e n t  o f  t h e  "blue c o l o u r  was t a k e n  a s  15 m i n u t e s .
T h i s  was r e p e a t e d  w i t h  s o l u t i o n s  o f  so d iu m  t a u r o g l y c o c h o l a t e  
(B .D .Ï Ï .  ) G ra p h  3 & 4 .
S t a n d a r d  C urves  
A s t a n d a r d  c u r v e  was c o n s t r u c t e d  f o r  e a c h  f r e s h  
s a m p le  o f  c h o l i c  a c i d  u s e d  f o r  i n j e c t i o n .  G rap h  5* 
shows a  t y p i c a l  c u r v e ,  g i v e n  by H o p k in s  a nd  W i l l i a m s  1332 
c h o l i c  a c i d .  The c u r v e  f o r  t h e  r a n g e  0 - 1 0  m g . / lO O  m l.  
i s  shown on a  l a r g e  s c a l e  i n  G raph .  6 .  I n  t h e  w o r k i n g
r a n g e  t h i s  d i d  n o t  d e v i a t e  s i g n i f i c a n t l y  f r o m  a  s t r a i g h t  
l i n e .  A c o m m e r c i a l  s a m p le  o f  b i l e  s a l t s  was a l s o  c h ec læ  d 
i n  t h i s  way .  Grafh 7.
The G r e g o r y  & P a s c o e  r e a c t i o n  w i t h  o t h e r  b i l e  a c i d s  an d  
d e r i v a t i v e s .  The compounds l i s t e d  i n  T a b l e  jL w e re  k i n d l y  
s u p p l i e d  by  Dr.  G. A. D. H a s le w o o d ,  and  t e s t e d  by t h i s  r e a c t i o n .  
S m a l l  p o r t i o n s  w e re  d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  ( 0 . 5  m l . )  
a n d  t h e  s u l p h u r i c  a c i d  a n d  f u r f u r a l  a d d e d  a s  a b o v e .  The 
r e s u l t s  a r e  r e c o r d e d  a s  n e g a t i v e ,  w e a k l y  o r  s t r o n g l y  p o s i t i v e ,  
and  t h e  s h a d e  o f  c o l o u r  n o t e d .
2) A p p l i c a t i o n  o f  t h e  c o l o u r  r e a c t i o n  t o  b l o o d  f i l t r a t e s .
The o r i g i n a l  m e th o d  ( J o s e p h s o n ,  1935)
I ^ r e c i p i t a t i o n  o f  t h e  p r o t e i n s  -  5 m l .  o f  w ho le  b l o o d ,  w i t h o u t  
a n t i c o a g u l a n t  w e re  t a k e n  i n t o  a  f l a s k  c o n t a i n i n g  50 m l .  o f  
a b s o l u t e  e t h a n o l  a n d  2 m l .  s a t u r a t e d  b a r i u m  h y d r o x i d e  
s o l u t i o n .  A few  g r a i n s  o f  q u a r t z  s a n d  w e re  a d d e d ,  a n d  t h e
*
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TABLE 1.
THE GRBOQRY & PASCOE REACTION WITH VARIOUS BILE 
ACIDS « DERIVATIVES. AND RELATED COMPOUNDS.
Compound Formula R e a c t io n C olourg iv e n
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f l a s k  b o i l e d  f o r  5 m i n u t e s  w i t h  s h a k i n g  t o  e n s u r e  c o a g u l a t i o n  
o f  t h e  p r o t e i n s .  The vo lum e  was t h e n  made t o  t h e  m ark  w i t h  
n e u t r a l  e t h a n o l ,  a n d  t h e  f l a s k  l e f t  t o  s t a n d  o v e r n i g h t ,  u n t i l  
t h e  s u p e r n a t a n t  l i q u i d  was c l e a r .  The volurae was a g a i n  
a d j u s t e d ,  i f  n e c e s s a r y ,  and  t h e  p r o t e i n s  f i l t e r e d  o f f .  The 
a l c o h o l  was p a s s e d  t h r o u g h  t h e  same p a p e r  two o r  t h r e e  t i m e s  
u n t i l  p e r f e c t l y  c l e a r .
R em ov a l  o f  e x c e s s  b a r i u m  -  0 . 3  m l .  2 N-HgSO^ was a d d e d ,  and  
t h e  s o l u t i o n  made a l l c a l i n e  t o  l i t m u s  w i t h  0 . 5  m l .  2 N-xTaOH. 
The s o l u t i o n  was t h e n  f i l t e r e d .
S v a p o r a t  i o n  o f  t h e  s o l v e n t  -  Two 30 m l .  p o r t i o n s  w e re  
e v a p o r a t e d  on a n  e l e c t r i c  w a t e r  b a t h ,  i n  t h e  s p e c i a l  t u b e s  
recom m ended  by J o s e p h s o n  ( R i g A i ) .  \ /hen  o n l y  0 . 5  m l .  
r e m a i n e d ,  4  m l .  o f  w a t e r  w e re  a d d e d ,  and t h e  t u b e s  r e c l a c e d  
i n  t h e  w a t e r  b a t h  f o r  1 0  m i n u t e s ,  t o  d i s s o l v e  t h e  r e s i d u e ,  
an d  rem ove  b i l e  s a l t s  f r o m  t h e  w a l l s .  The c o n t e n t s  when 
c o o l  w e r e  made a l k a l i n e  w i t h  0 . 5  m l .  2 N-NaOH.
E x t r a c t i o n  o f  l i p o i d s  an d  c h o l e s t e r o l  -  10 m l .  n e u t r a l
r e d i s t i l l e d  e t h y l  a c e t a t e  w e re  p i p e t t e d  i n t o  e a c h  t u b e ,  w h ic h
I
was t h e n  s t o p p e r e d ,  and  i n v e r t e d  s e v e r a l  t i m e s .  The s o l v e n t  
v/as s e p a r a t e d  f r o m  t h e  a q u e o u s  l a y e r  by c e n t r i f u g i n g  f o r  
15 m i n u t e s ,  a n d  t h e  a q u e o u s  f r a c t i o n  t h e n  made t o  t h e  5 m l .  
m ark  w i t h  w a t e r  s a t u r a t e d  w i t h  e t h y l  a c e t a t e .  The t u b e s  
w e re  s h a k e n  a g a i n  a n d  r e c e n t r i f u g e d  f o r  1 0  m i n u t e s .
1 1
Rem oval  o f  t h e  s o l v e n t  -  The e t h y l  a c e t a t e  and  t h e  s u r f a c e  
l a y e r  o f  i n s o l u b l e  m a t e r i a l  w e re  rem oved  by s u c t i o n .  The 
t u b e s  w e re  p l a c e d  i n  a  w a t e r  b a t h  a n d  h e a t e d  f o r  2 0  m i n u t e s  
t o  r em ove  t r a c e s  o f  s o l v e n t .
P r e p a r a t i o n  o f  t h e  s o l u t i o n  f o r  c o l o r i m e t r i c  a s s a y  -  The 
v o lu j ie  was made t o  t h e  5 m l .  m ark  w i t h  w a t e r ,  and  t h e
s o l u t i o n  f i l t e r e d  t h r o u g h  a  n o .  45 Whatman p a p e r .  2 m l .
\
o f  t h e  c l e a r  f i l t r a t e  w e re  t a k e n  f o r  t h e  c o l o u r  r e a c t i o n ,  a s  
p r e v i o u s l y  d e s c r i b e d .  The v a l u e s  o b t a i n e d  by t h i s  m ethod  
a f t e r  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  0 . 5  g .  sod iu ra  c h o l a t e  w ere  
i n v e s t i g a t e d .  A f a s t i n g  b l o o d  s a m p le ,  one 5 m in .  a f t e r  t h e  
i n j e c t i o n ,  a n d  one 60 m in .  l a t e r ,  w e re  t a k e n  and  a n a l y z e d  f o r  
c h o l a t e s .  I n  r e p e a t e d  e x p e r i m e n t s ,  t h e  e x t i n c t i o n s  
o b t a i n e d  w e r e  v e r y  low, and  no b l u e  c o l o u r  was v i s i b l e ,  even  
i n  t h e  5 m in .  s p e c i m e n .  The e f f e c t  o f  g i v i n g  1 . 0  g .  so d iu m  
c h o l a t e  i n t r a v e n o u s l y  was t h e r e f o r e  t r i e d ,  a n d  a  b l u i s h  
c o l o u r  i n  t h e  5 m in .  s p e c i m e n  was o b t a i n e d .  S i n c e  none  o f  
t h e s e  s o l u t i o n s  g a v e  s a t i s f a c t o r y  e x t i n c t i o n s ,  i t  was 
d e c i d e d  t o  u s e  1 0  m l .  b l o o d  f o r  a n a l y s i s  a n d  m o d i f y  t h e  
a n a l y t i c a l  p r o c e d u r e .
3 ) .  The m e th o d  o f  a n a l y s i s  f i n a l l y  a d o p t e d .
P r e c i p i t a t i o n  o f  t he p r o t e i n s :  10 m l .  o f  w ho le  b l o o d ,  y / i t h o u t
a n t i c o a g u l a n t  w e r e  p i p e t t e d  w i t h  s h a k i n g  i n t o  a  250 m l .  ^ 
S r l e n m e y e r  f l a s k ,  c o n t a i n i n g  85 m l .  o f  a  6 0 - 4 0  e t h a n o l - e t h e r  
m i x t u r e  a n d  5 . 0  m l .  o f  s a t u r a t e d  b a r i u m  h y d r o x i d e  s o l u t i o n .
v / i t h  0 . 4 ^  b a r i u m  a c e t a t e  ( s o d i u m  c i t r a t e  o r  o x a l a t e  c a n n o t  
be u s e d  a s  t h e  b a r i u m  w ou ld  be p r e c i p i t a t e d ) .  T h i s  m i x t u r e  
i s  s u f f i c i e n t l y  a l k a l i n e  t o  r e t a i n  t h e  c h o l a t e s  i n  s o l u t i o n  
a s  t h e  s o l u b l e  b a r i u m  s a l t s ,  b u t  d o e s  n o t  c o n v e r t  t h e  
h a e m o g l o b i n  i n t o  a l k a l i n e  h a e m a t i n .  The p r o t e i n  p r e c i p i t a t e  
r e a d i l y  s e p a r a t e s  f r o m  th e  s o l v e n t ,  and  t h e  m i x t u r e  c a n  be 
f i l t e r e d  a f t e r  one h o u r .  Prom t h i s  100 m l .  70 o r  80 m l .  '■ 
o f  f i l t r a t e  c a n  be o b t a i n e d  by c a r e f u l  f i l t r a t i o n  v ; i t h  
p r e c a u t i o n s  t o  p r e v e n t  e v a p o r a t i o n  o f  t h e  s o l v e n t s .
Removal  o f  t h e  e x c e s s  b a r i u m :  One d r o p  o f  5 N - s u l p h u r i c  a c i d
i s  a d d e d ,  f o l l o w e d  by 2 d r o p s  5 R-RaOH. By u s i n g  s m a l l
a m o u n ts  o f  s t r o n g  s o l u t i o n s  a  vo lu iæ  c o r r e c t i o n  i s  a v o i d e d .
The b a r i u m  a n d  s o d iu m  s u l p h a t e s  a r e  f i l t e r e d  o f f  a f t e r
s t a n d i n g  f o r  a t  l e a s t  6 h o u r s  t o  e n s u r e  c o m p l e t e  p r e c i p i t a t i o n ,
E v a p o r a t i o n  o f  t h e  s o l v e n t : A t o t a l  o f  40 m l .  o f  t h e
f i l t r a t e ,  e q u i v a l e n t  t o  4 m l .  w ho le  b l o o d ,  a r e  e v a p o r a t e d  
down i n  tw o  20 m l .  p o r t i o n s .  A c u r r e n t  o f  c o m p r e s s e d  a i r  
i s  p a s s e d  i n t o  e ac h  t u b e  on t h e  e l e c t r i c  w a t e r  b a t h ,  a n d  t h i s ,  
t o g e t h e r  w i t h  t h e  u s e  o f  e t h e r  i n  t h e  p r e c i p i t a t i n g  m i x t u r e ,  
m akes  t h e  e v a p o r a t i o n  q u i t e  r a p i d .  ' The t u b e s  u s e d  f o r  t h i s  
e v a p o r a t i o n  a r e  shown i n  F i g .  1. Enough f i l t r a t e  r e m a i n s  f o r  
a  b l a n k  e s t i m a t i o n  -  w h ic h  i s  o n l y  n e c e s s a r y  when l a r g e  
a m o u n ts  o f  b i l i r u b i n  a r e  p r e s e n t ,  o r  f o r  a  r e p e a t  e s t i m a t i o n .  
A a u eo u s  s o l u t i o n  o f  t h e  b i l e  s a l t s  : 4 . 5  m l .  o f  h o t
d i s t i l l e d  w a t e r  c o n t a i n i n g  a  l i t t l e  a l k a l i  i s  u s e d  t o  
d i s s o l v e  t h e  r e s i d u e  a f t e r  e v a p o r a t i o n .  The s i d e s  o f  t h e  
t u b e s  t o  w h i c h  b i l e  s a l t s  may a d h e r e ,  a r e  c a r e f u l l y  w ash ed  
down, u s i n g  a  l o n g  p a s t e u r  p i p e t t e ,  an d  t h e  t u b e s  r e p l a c e d  
i n  t h e  w a t e r  b a t h  f o r  a  f u r t h e r  1 0  m i n s .
E x t r a c t i o n  o f  l i p o i d  m a t e r i a l :  E a c h  t u b e  i s  w e l l  s h a k e n  w i t h
e t h y l  a c e t a t e  a s  p r e v i o u s l y  d e s c r i b e d .  A f t e r  t h e  f i n a l  
c e n t r i f u g i n g ,  t h e  s o l v e n t  a n d  a l s o  t h e  " c o l l a r "  o f  i n s o l u b l e  
s o l i d  m a t e r i a l  v /h ich  h a s  c o l l e c t e d  i n  t h e  c o n s t r i c t e d  p o r t i o n  
o f  t h e  t u b e ,  a r e  rem o v ed  by s u c t i o n .  The t u b e s  a r e  t h e n  
h e a t e d  on a  b o i l i n g  w a t e r  b a t h  f o r  2 0  m i n s .  a n d  t h e  volurae  
a d j u s t e d  t o  t h e  5 m l .  m a rk .
F i l t r a t i o n  o f  t h e  f i n a l  s o l u t i o n :  The s o l u t i o n s  y f h i l e  s t i l l
v/arm a r e  f i l t e r e d  t h r o u g h  a  Whatman 45 p a p e r .  ' O c c a s i o n a l l y  
a  t u r b i d  s a m p le  i s  e n c o u n t e r e d ,  w h i c h  c a n  be c l e a r e d  by a d d i n g  
1  d r o p  o f  g l a c i a l  a c e t i c  a c i d ,  l e a v i n g  t o  s t a n d  f o r  a n  h o u r ,  
and  r e f i l t e r i n g .  2 . 5  m l .  o f  t h e  f i l t r a t e  ( = 2 . 0  m l .  w h o le  
b l o o d )  a r e  p i p e t t e d  i n t o  a  p y r e x  t u b e ,  and  5  m l . ^ v / v  HSO^.
0 . 5  m l .  o f  Zfo f u r f u r a l  ( f r e s h l y  p r e p a r e d )  i s  a d d e d .  The 
t u b e s  a r e  s t o p p e r e d  w i t h  c o t t o n  w o o l ,  a n d  h e a t e d  on a  w a t e r  
b a t h  f o r  15 m in .  a t  65^0 .  The c o l o u r s  ( a f t e r  t h e  t u b e s  a r e  
c o o l e d  i n  r u n n i n g  w a t e r )  a r e  r e a d  i n  a  p h o t o - e l e c t r i c  
c o l o r i m e t e r ,  w i t h  a  Chance  r e d  f i l t e r ,  a g a i n s t  a  r e a g e n t  b l a n k  
p r e p a r e d  by s u b s t i t u t i n g  2 . 5  m l .  o f  w a t e r  f o r  t h e  bJ.ood 
f i l t r a t e .  The r e c o v e r y  o f  c h o l i c  a c i d  f r o m  w h o le  b l o o d  h a s
R e c o v e r s  o f  ^ M o l r t e s  p t o n  U h o i e  B l o o /^
5  . O'fi 
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T A B L E  2 .
RECOVERY OF CHOLATE ADDED TO WHOLE BLOOD.
Cholate added  
(m g./lO O  m l)
CJholate found, 
(m g. / l o o  m l)
R ecovery
1 5 0
100
100
100
20
1 4 . 3
11.6
1 1 .9
9 .5
8 .5
7 .7
1 2 .5
12
10
7 . 5
7 .0
6 . 0
5 . 5
5 . 0  
h .5
4 .0
3 .5
2 .5
2.0
1 .5  
1.0  
0 . 5
1067 .4
5 .0
5 .4
5 . 4
4 .0
4 .2
3 . 3  
2 .6
3 .0
1 . 5
1.1 
0 .7
108
105
109
100
110
140
b e e n  chec k ed  by a n  adeq .ua te  number o f  a n a l y s e s ,  many i n  
d u p l i c a t e .  lÂbk z  , 8
The e s t i m a t i o n  o f  c h o l a t e s  i n  u r i n e .
1 . The c o l o u r  r e a c t i o n  was t r i e d  on  t h e  d i l u t e d  u r i n e  
(BotHroann & Iviann, 1936) b u t  v e ry  u n s a t i s f a c t o r y  r e s u l t s  
w ere  o b t a i n e d .
2. Removal  o f  t h e  p i g m e n t s  was t r i e d  by D r a g e n d o r f   ^s met  hod 
(1865)  and  t h e n  w i t h  N o r i t e  a t  a n  a l k a l i n e  pH. V a r io u s  
a d s o r b e n t s  s u c h  a s  a lu m i n a ,  K a o l i n ,  K i e s e l g u h r  e t c .  w e re  t h e n  
i n v e s t i g a t e d ,  b u t  e i t h e r  t h e  p ig m e n t s  were  n o t  rem o ved ,  o r  
a d d e d  b i l e  a c i d s  w ere  a l s o  a d s o r b e d .
3. C h r o m a to g ra p h y  was a l s o  t r i e d  w i t h o u t  s u c c e s s .
4 .  ' O x i d a t i o n  o f  t h e  p ig m e n ts  b e f o r e  t h e i r  r e m o v a l  ( F o l i n ' s  
m eth o d )  was a l s o  t r i e d .
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5. L i  c h t  man ^  s m eth o d  (1938)  gave  u n s a t i s f a c t o r y  r e s u l t s .
6 . F i n a l  m e t h o d  a d o p t e d .
a )  f o r  r o u t i n e  s a m p le s .
1 0  m l .  u r i n e  made a l k a l i n e  t o  p h e n o l p h a l e i n  v / i th  b a r i u m  
h y d r o x i d e  ( s o l i d )  vfa rm ed and f i l t e r e d .  T h i s  removed a  l a r g e  
amount o f  t h e  p ig m e n t s  and  t h e  c h o l a t e s  p a s s  i n t o  t h e  f i I t r a t e  
a s  s o l u b l e  b a r i u m  c h o l a t e s .  The e x c e s s  b a r i u m  i s  p r e c i p i t a t e d  
w i t h  2 d r o p s  5N H g S O ^ a l k a l i n e  w i t h  3 d r o p s  5N NaOH.
0 . 5  m l .  f i l t r a t e  f o r  t e s t .
0 . 5  m l .  f i l t r a t e  f o r  b l a n k .
W ith  v a l u e s  o f  a d d e d  c h o l i c  a c i d  f ro m  5 mg/lOOml u p w a rd s ,  
s a t i s f a c t o r y  r e s u l t s  w e re  o b t a i n e d ,  o n ly  i f  a  b l a n k  
c o r r e c t i o n  f o r  h e a t i n g  u r i n e  w i t h  s u l p h u r i c  a c i d  was
i n t r o d u c e d .  However ,  w i t h  some h e a v i l y  p i g m e n te d  u r i n e s ,  
w h ic h  d i d  n o t  c o n t a i n  b i l e  a c i d s ,  some r e a c t i o n  o c c u r r e d  w i t h  
H2 SO4  a n d  f u r f u r a l ,  g i v i n g  a  b l a c k i s h - b r o w n  c o l o u r .  F o r  t h i s  
r e a s o n  t h e  r e s u l t s  w i t h  t h i s  e s t i m a t i o n  c a n n o t  "be c o n s i d e r e d  
h i g h l y  a c c u r a t e ,  b u t  more i n  t h e  n a t u r e  o f  n e g a t i v e ,  s l i g h t  
p o s i t i v e ,  p o s i t i v e  &’ s t r o n g l y  p o s i t i v e ,  d e p e n d i n g  on t h e  
g r e e n  c o l o u r  p r o d u c e d .
b) Q ^ u a n t i t a t i v e  e s t i m a t i o n  -  by S o x h l e t  e x t r a c t i o n .
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T h i s  m e th o d  i s  b a s e d  on th e  work o f  S c o t t ,  ( 1 9 3 4 ) .
The u r i n e  i s  a c i d i f i e d  w i t h  HCl, & s a t u r a t e d  w i t h  ammonium
s u l p h a t e  a n d  l e f t  t o  s t a n d  o v e r n i g h t .  B i l e  a c i d s ,  b i l i r u b i n
& u r i n a r y  p i g m e n t s  a r e  p r e c i p i t a t e d .  The p r e c i p i t a t e  i s
f i l t e r e d  o f f  and  washed  w i t h  s a t u r a t e d  ammonium s u l p h a t e .
The f i l t e r  p a p e r  i s  t h e n  t h o r o u g h l y  d r i e d ,  c u t  up s m a l l ,  and
e x t r a c t e d  w i t h  a b s o l u t e  a l c o h o l  i n  a  s o x h l e t  t h i m b l e .
S a t u r a t e d  b a r i u m  h y d r o x i d e  i s  a d d e d  t o  t h e  a l c o h o l i c  e x t r a c t ,
w h ic h  i s  l e f t  o v e r n i g h t  i n  t h e  c o l d  and t h e  r e m a i n i n g
p i g m e n t s  p r e c i p i t a t e d ,  and  a n  a l m o s t  c o l o u r l e s s  f i l t r a t e
c o n t a i n i n g  t h e  b i l e  a c i d s  i s  o b t a i n e d .  T h is  i s  e v a p o r a t e d
t o  d r y n e s s  and  t h e  r e s i d u e  t a k e n  up i n  w a t e r  f o r  t h e  c o l o u r
r e a c t  ion .
2 .
a )  Q l i n i o a l
L l a t e r i a l
S u b j e c t s  w i t h o u t  l i v e r  d i s e a s e  w ere  e i t h e r  members o f  t h e  
h o s p i t a l  s t a f f  o r  p a t i e n t s  i n  h o s p i t a l  f r o m  some c a u s e  o t h e r  
t h a n  l i v e r  d i s e a s e .  The c a s e s  o f  l i v e r  d i s e a s e  w e re  
c l a s s i f i e d  i n  g i v e  g r o u p s .
C l i n i c a l  M a t e r i a l
Number o f C a ses .
R e s t i n g  l e v e l  o f I .  V. C h o l i c
b l o o d  c h o l a t e s . A c i d  t o l e r a n c e
Group A. Normal 50 16
Group B. O b s t r u c t i v e 17 16
J a u n d i c e
Group C. C i r r h o s i s 18 I n a c t i v e  6 13 I n a c t i v e  5
A c t i v e  12 A c t i v e  8
Group D. A c u t e 50 29
H e p a t i t  i s
Group S. S e c o n d a r y 7 4
M a l i g n a n t
D i s e a s e
Group F. Ha emo l y t i c 6 5
J a u n d i c e
b) The H i s t o l o g y  o f  t h e  l i v e r  L i v e r  t i s s u e  was o b t a i n e d
by a  m o d i f i c a t i o n  o f  t h e  " a s p i  r a t  i o n  l i v e r  b i o p s y  t e c h n i q u e
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o f  i v e r s e n  & Koholm ( 1 9 3 9 ) .  T h i s  h a s  b e e n  d e s c r i b e d  i n
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d e t a i l  by S h e r l o c k  ( 1 9 4 5 ) .  I n  a  few c a s e s ,  m a t e r i a l  
o b t a i n e d  a t  n e c r o p s y  o r  o p e r a t i o n  was u à e d .  These  l a t t e r  
s o u r c e s  may be u n r e l i a b l e ,  s i n c e  e v e n  b e f o r e  d e a t h ,  g l y c o g e n  
u s u a l l y  d i s a p p e a r s  f r o m  t h e  l i v e r  c e l l s  and  p o s t  m ortem
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a u t o l y t i c  c i i a n g e s ,  p r o c e e d  v e r y  r a p i d l y .  (Van Seek  & Haex,
1 9 4 3 ) .  N e c r o p s y  o f t e n  t a k e s  p l a c e  seme t im e  a f t e r  
p e r f o r m a n c e  o f  t h e  l i v e r  f u n c t i o n  t e s t ,  and m a t e r i a l  o b t a i n e d  
by s u r g i c a l  e x p o s u r e  o f  t h e  l i v e r  i s  s u b j e c t  t o  t h e  e f f e c t s  o f  
t r a u m a  and  a n a e s t h e s i a .  The i n t e r p r e t a t i o n  o f  h i s t o l o g i c a l  
c h a n g e s  i n  s m a l l  s a m p le s  f r o m  t h e  e x t r e m e  l i v e r  edge  i s  o f t e n  
d i f f i c u l t .  The a d v a n t a g e  o f  cusp'rcdi'on. l i v e r  b i o p s y  i s  t h a t  
i t  c an  be done i n  c l o s e  t i m e  r e l a t i o n  t o  t h e  l i v e r  f u n c t i o n  
t e s t s ,  a n d  t h a t  f i x a t i o n  o f  t h e  t i s s u e  i s  im m e d ia te .
I n  some o f  t h e s e  c a s e s  t h e  p r o g r e s s  o f  t h e  d i s e a s e  
was s t u d i e d  by c o m p a r in g  s e c t i o n s  o b t a i n e d  by s e r i a l  b i o p s i e s  
w i t h  s e r i a l  b i o c h e m i c a l  e s t i m a t i o n s .
Method o f  h i s t o l o g i c a l  g r a d i n g *  Group B, O b s t r u c t i v e  J a u n d i c e , 
I n  e v e r y  i n s t a n c e  t h e  coiomon b i l e  d u c t  was c o m p l e t e l y  
o b s t r u c t e d ,  c o n f i r m e d  a t  o p e r a t i o n  o r  a u t o p s y .  C o n sp ic u o u s  
l i v e ] /  c h a n g e s  w e re  fo u n d  i n  e v e r y  c a s e .  B i l e  p ig m e n t  was 
p r e s e n t  i n  t h e  c a n a l i c u l i ,  e s p e c i a l l y  c e n t r a l o b u h r l y ,  so m e t im es  
p r e c i p i t a t e d  t o  f o r m  t h e  s o - c a l l e d  ^^bile t i i r o m b i ” . F o c a l ,  
b i l e  s t a i n e d  n e c r o s e s ,  u s u a l l y  i n  r e l a t i o n  t o  t h e  p e r i p h e r y  
o f  t h e  l o b u l e s ,  w e re  a l s o  s e e n .  F i b r o u s  t i s s u e  was i n c r e a s e d  
i n  t h e  p o r t a l  t r a c t s ,  w i t h  p r o l i f e r a t i o n  o f  t h e  b i l e  d u c t s .
See F i g .  2 & 3.  S e c t i o n  6 .
Group C. C i r r h o s i s  o f  t h e  l i v e r .  a )  L a t e n t .  C e l l  damage 
i s  m i n i m a l  a n d  t h e r e  a r e  many bands  o f  m a t u r e  f i b r o u s  t i s s u e ,  
d i s r u p t i n g  t h e  n o r m a l  a r c h i t e c t u r e  o f  t h e  l i v e r .
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b ) A c t i v e . C h r o n i c  d i f f u s e  l i v e r  d i s e a s e  w i t h  f i b r o s i s ,
r e t r o g r e s s i v e  p a r e n c h y m a l  c h a n g e s  a nd  r e g e n e r a t i o n  o f
s u r v i v i n g  c e l l s .  See  F i g s .  4 & 5. S e c t i o n  6 . \
Group L. A c u t e  H e p a t i t i s . T h i s  i n c l u d e s  s i m p l e  i n f e c t i o n s ,
h e p a t i t i s  a n d  a r s e n o t h e r a p y  j a u n d i c e .  H i s t o l o g i c a l l y ,  t h e
e s s e n t i a l  l e s i o n  i s  a n  a c u t e  i n f  l a m i n a t io n  w i t h  v a r y i n g  d e g r e e s
o f  c e l l  n e c r o s i s  an d  t h e  tw o  t y p e s  ceuiuot  be d i f f e r e n t i a t e d .
The m a t e r i a l  h a s  b e e n  g r o u p e d  a c c o r d i n g  t o  t h e  e x t e n t  o f  l i v e r
c e l l  damage, i n  o r d e r  t o  com pare  t h e  h i s t o l o g i c a l  c h a n g e s  w i t h
t h e  c h e m i c a l  f i n d i n g s .
H i s t o l o g i c a l  g r a d i n g  i n  a c u t e  h e p a t i t i s
G ra d e .  P r o b a b l e  p e r c e n t a g e  o f
s u r v i v i n g  l i v e r  c e l l s .
A 75 -  100
B 50 -  75
C 25 -  50
D l e s s  t h a n  25
An e x a m p le  o f  e a c h  g r a d e  i s  shown. F i g s .  6 , 7 , 8 , 9 .  S e c t i o n  6 .
Group E. S e c o n d a r y  m a l i g n a n t  l i v e r  d i s e a s e .  I n  e v e r y
i n s t a n c e  t h e  d i a g n o s i s  and  e x t e n t  o f  h e p a t i c  i n v o l v e m e n t  was
c o n f i r m e d  a t  a u t o p s y .  C a ses  ? / i t h  j a u n d i c e  d u e  t o  o c c l u s i o n
o f  t h e  caîUion b i l e  d u c t  w e re  e x c l u d e d .
Group F .  H a e m o l y t i c  j a u n d i c e .  A c o n s t a n t  r e t i c u l o c y t o s i s  
was d e m o n s t r a t e d  i n  t h e  p e r i p h e r a l  b l o c k  i n  e v e r y  c a s e  and  
t h e r e  was u r o b l i n u r i a  and  h e p a t i c  s e d e r o s i s .
■L i v e r  F u n c t i o n  T e s t s .
1. The i n t r a v e n o u s  G a l a c t o s e  t o l e r a n c e  t e s t .  __________________
2 .  The H i p p u r i c  a c i d  s y n t h e s i s  t e s t .
B i o c h e m i c a l  e s t i m a t i o n s .
a )  Serum. 1) b i l i r u b i n .
2 ) a l k a l i n e  p h o s p h a t a s e .
3) t o t a l  c h o l e s t e r o l .
4)  p r o t e i n s ,  t o t a l  and  d i f f e r e n t i a l .
5 ) c o l l o i d a l  g o l d  r e a c t i o n .
b) U r i n e .  1) b i l i r u b i n .
2 ) u r o b i l u r o g e n  ( E r h l i c h )
3)  u r o b i l i n .  ( E t h a n o l i c  z i n c  a c e t a t e .
4) b i l e  s a l t s .  (H ay^s  t e s t )
D e t a i l s  o f  t h e s e  m e th o d s  a r e  g i v e n  i n  S e c t i o n  4,
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3 .
TES RESTING LSTSL OF BLOOD CHQLATSS 
The num ber  o f  c a s e s  i n v e s t i g a t e d  was 148,  c l a s s i f i e d  a s  
shown i n  T ab les  3 & 4.
The  s t a n d a r d  d e v i a t i o n  f o r  any  G l a s s  i s  h i g h ,  b e c a u s e  o f  
t h e  w i d e  s c a t t e r .  F o r  t h i s  r e a s o n  t h e  s i g n i f i c a n c e  o f  
t h e  d i f f e r e n t  l e v e l s  f o r  t h e s e  c l a s s e s  showed t h a t  j h e  
d i f f e r e n c e s  f o u n d  were  h i g h l y  s i g n i f i c a n t .  The f i d u c i a l  
p r o b a b i l i t y  was l a s s  t h a n  0 . 0 1 .
A d o t  d i a g r a m  o f  t h e  d i s t r i b u t i o n  i s  shown i n  O ra c h  9.
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TABLE 6.
RESTING LEVELS OF BLOOD GH0LATB8 IN  
5 NORMAL INDIVIDUALS. OVER A PERIOD 
OP 9 WEEKS.
P 90
I n i t i a l S ex Weeks
1 2 3 h 5 6 7 8 1 9
B lood  c h o la t e s  in  m g./ICO  m l.
1 P. ? 2 .0 2 .2 2 .0 1 .0 1 .0 3 .0 0 1 .0 1 .5
2 L . ? 2 .5 2 .5 0 1 .5 1 .0 2 .5 0 1 .5 0 .9
3 H. d 1 .1 0 .5 1 .2 0 .5 - 0 .8 2 .0 0 .6 1 .8
h T. d 0 .7 5 2 .0 1 .5 0 1 .0 0 .5 1 .0 0 .9 2 .0
5 W . ? 0 .7 5 1 .0 1 .2 1 .5 1 .5 1 .1 2 .0 1 .5 1 .5
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JBeOOI) J L E V E L  o f  C H O L A T E S  , o^£ft A TERiob O F  9  W E E K f  )N 
f  NORMAL Sosjecr^
1) The R e s t i n g ’L e v e 1 o f  B lo o d  C h o l a t e s ,  i n  Su b j e c t s  w i t h o u t
L i v e r  D i s e a s e .  Group A.
I n  50 s u b j e c t s  w i t h o u t  l i v e r  d i s e a s e ,  t h e  mean l e v e l  o f  t h e
b l o o d  c h o l a t e s  v/as 1. 6 m g . / lG G  m l.  The maximum v a l u e  was
3, and  t h e  minimum 0 . 2  m g . / lO O  m l.  The s u b j e c t s  w ere
e i t h e r  h o s p i t a l  p a t i e n t s  w i t h o u t  l i v e r  d i s e a s e ,  o r  members
o f  t h e  h o s p i t a l  s t a f f .
D i u r n a l  v a r i a t i o n  i n  b l o o d  c h o l a t e s : -  The b l o o d  c h o l a t e  
l e v e l  i n  t h r e e  n o r m a l  s u b j e c t s  was e s t i m a t e d  4 t i m e s  i n  12 
h o u r s .  The f i r s t  samp}.e was t a k e n  a t  8  a .m .  w i t h  t h e  
su b j - e c t  i n  t h e  p o s t - a b s o r p t i v e  s t a t e ,  t h e  n e x t  a t  noon;  
an d  t h e  t h i r d  a t  4 p . m . ,  t h r e e  h o u r s  a f t e r  t h e  m a in  f a t t y  
m e a l  o f  t h e  d a y .  The l a s t  s a m p le  was t a k e n  a t  m i d n i g h t .
T h e r e  was no  g r e a t  v a r i a t i o n  i n  t h e  b l o o d  c h o l a t e s  
t h r o u g h o u t  t h e  day and  no c h a r g e  w h ic h  c o u l d  be r e l a t e d  t o  
t h e  a b s o r p t i o n  o f  f o o d .  (Graph IG^
I n d i v i d u a l  v a r i a t i o n  i n  b l o o d  c h o l a t e s  o v e r  a  p e r i o d  o f  m onths  
The b l o o d  c h o l a t e  l e v e l  i n  5 s u b j e c t s  (2 p a t i e n t s  and  3 
members o f  t h e  h o s p i t a l  s t a f f )  v/as i n v e s t i g a t e d  a t  w e e k ly  
i n t e r v a l s  o v e r  a  p e r i o d  o f  9 w e e k s .  Tab 1 e 6 , and  Graph 11^ 
The b l o o d  c h o l a t e s  v a r i e d  w i d e l y  d u r i n g  t h i s  t i m e .  The 
s e ru m  b i l i r u b i n  was a l s o  e s t i m a t e d  i n  t h e  3 l a b o r a t o r y  
w o r k e r s .  ^Tv/o had  a  c o n s t a n t  b i l i r u b i n  o f  G. 5 m g . / iG G  m l.
The o t h e r  showed a  v a r i a b l e  c o n c e n t r a t i o n ,  r i s i n g  t o  1 . 5  mg. /  
IGG m l .  T h i s  c o u l d  n o t  be r e l a t e d  t o  any  o t h e r  c l i n i c a l
f i n d i n g .
TABLE 7.
BLOOD CaOLATES IN k CASES OP 
OBSTRUCTIVE JAUNDICE.
GROUP B.
p a t ie n t D ate D ia g n o s is D u ration  o f  jau n ­
d ic e  in  
d a y s.
B lood
c h o la t e s
m g./lO O
m l.
Serum
B i l ir u h in
mg./ l o o
m l.
Serum
C h o le s te r o l
m g./ICO  m l.
A. g 1 1 .3 .4 4 . Carcinoma 3 3 .0 5 .0 234
17 . 3 . 4 4 . of* b i l e 11 2 .0 10.1 -
2 3 . 3 . 4 4 . d u c ts 17 5 .0 1 6 .0 287
1 3 . 4 . 4 4 . 38 4 .0 20 .0 433
Death 1 5 . 4 . 4 4 . ko 2 .0 — —
R. (? 2 3 . 5 . 4 5 . Carcinoma k2 5 .2 1 4 .5 250
3 1 . 5 . 4 5 . o f  pan­ 50 6 .5 1 6 .5 260
6 . 6 . 4 5 . c r e a s . 36 10.0 12.5 256
8 . 6 . 4 5 . 38 7 .8 12 .0 270
C holecys- 1 4 . 6 . 4 5 . 64 2 .0 1 2 .5 336
totoray 2 1 . 6 . 4 5 . 71 . 2 .8 8 .1 317
5 .7 .4 5 . 81 1 .5 2 .6 303
Oho le  c y s - 1 7 . 7 . 4 5 . 93 2 .0 . 2 .5 267
g a s tr o s - 27 . 7 . 4 5 . 103 2 .5 2 .2 226
tomy. ■
D. Q 1 3 . 5 . 4 6 . G a lls to n es 24 3 .0 • 11 .0 287+ 2 4 .5 . 4 6 . 33 4 .2 9 .0 —
2 7 .5 .4 6 . 36 4 .5 5 .6 261
Cholecys­ 13 . 6 .4 6 . 42 1 .5 2 .2 437
tectom y 1 9 . 6 . 4 6 . 48 1 .0 1 .7 358
s. 14.11.46. Carcinoma 21 3 .5 4 .0 147
24 . 1a  46. o f  am pulla 31 5 .1 5 .1 282
8 .1 1 .4 6 . o f  V a ter . 46 5 .1 5 .7 243
2 9 .U .4 6 . 69 5 .8 7 .2 185
C holecys- 4 .1 2 .4 6 . 74 3 .0 6 .1 197
tostom y. 10.10.46. 80 0 .8 4 .6 -
2 4 .1 2 ^ 6 . 96 2 .5 203
6 .1 .4 7 . 108 2 .0 200
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2) The r e s t i n g  l e v e l  o f  b l o o d  c h o l a t e s  i n  l i v e r  d i s e a s e *
' Group Be O b s t r u c t i v e  J a u n d i c e ^
I n  17 c a s e s  o f  o b s t r u c t i v e  j a u n d i c e  t h e  mean r e s t i n g  l e v e l  
( i n i t i a l  e s t i m a t i o n )  was 3 . 7  mg. c h o l a t e s  / lOO m l.  b l o o d .
The maximum v a l u e  was 10 a n d  t h e  minimum 1 . 8 .
S e r i a l  e s t i m a t i o n s  w e re  made i n  4 o f  t h e s e  c a s e s .  T a b l e  7, 
G rap h  12 & 13.
The f a l l  i n  t h e  b l o o d  c h o l a t e  l e v e l  a f t e r  o p e r a t i o n  
r e l i e v i n g  t h e  o b s t r u c t i o n ,  i s  m a r k e d .
I n  t h i s  g r o u p  t h e  h i g h e s t  v a l u e s  a r e  f o u n d ,  a n d  t h e  mean  i s  
t h e  g r e a t e s t  i n  t h i s  s e r i e s  o f  6  g r o u p s .
Group C. C i r r h o s i s
I n  18 c a s e s  o f  c i r r h o s i s  o f  t h e  l i v e r ,  t h e  mean r e s t i n g  l e v e l  * 
o f  b l o o d  c h o l a t e s  was 1 . 8  mg. / lOO m l ,  t h e  maximum was 4 and 
t h e  minimum 0 . 5 .  T h i s  Group was d i v i d e d  i n t o  " a c t i v e "  and  
" l a t e n t "  c i r r h o s i s .  I n  a l l  t h e  " l a t e n t "  c a s e s  t h e  b l o o d  
c h o l a t e  c o n c e n t r a t i o n  was n o r m a l .  T a b l e  8 , shows t h e  b i l e  
a c i d  l e v e l  a n d  t h e  g e n e r a l  b i o c h e m i c a l  f i n d i n g s  i n  some o f  
t h e s e  c a s e s .
Group D. A c u t e  H e p a t i t i s  
/
I n  t h e  50 c a s e s  o f  a c u t e  h e p a t i t i s  s t u d i e d ,  t h e  mean r e s t i n g  
l e v e l  was 2 . 8  m g . / lO O  m l .  ; t h e  maximum 5 . 4  and  t h e  minimum 
0 . 5 .
TABLE
CHOLATE LEVEL AIîD OTHER BIOCHEMICAL FINDINGS 
IN TWO CASES OF INFECTIOUS HEPATITIS
G en eral b io c h e m ic a l  
f in d in g s .
P a t ie n t D. P a t ie n t  M.
m g./ l o o  ml • b lo o d .
B i le  a c id s U.3 2.U 0 5 .4 1 .0 > 0 .5
B il ir u b in 5 .3 1 .6 > 0 .5 4 .2 1 .5 0 .9
T o ta l P r o te in 7 .8 7 .0 7 .5 8 .3 7 .4 8 .1
Albumin U.1 h.3 k .6 4 .3 4 .5 4 .9
G lo b u lin 3 .7 2 .7 2 .9 4 .0 2 .9 3 .0
C h o le s te r o l 185 - 220 - - -
S .S .H . (mm.) 20 9 1 10 14 9 .8
C o l lo id a l  G old 0 0 0 5 4 3
D u ration  o f  ja u n ­
d ic e  in  days 21 28 53 7 14 21
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Thd r e s t i n g  l e v e l  o f  b lo o d  c h o l a t e s  was f o l l o w e d  t h r o u g h o u t  
t h e  p a t i e n t s ^  s t a y  i n  h o s p i t a l  i n  m n y  c a s e s ,  a n d  r e l a t e d  
t o  t h e  g e n e r a l  b i o c h e r o i s t r y .  The r e s u l t s  i n  two t y p i c a l  
c a s e s  a r e  shown i n  Tab l e  (j. and  i n  Graph 16.
T h e re  i s  c o n s i d e r a b l e  o v e r l a p  i n  t h e  v a l u e s  f o r  b l o o d  c h o l a t e s ,  
o b t a i n e d  i n  Group B & D. Graph  14.
The b l o o d  c h o l a t e  l e v e l s  i n  t h e  h i s t o l o g i c a l  g r a d e s  i n  a c u t e  
h e p a t i t i s  a r e  shown i n  Graph  15.
Group E & F.  S e c o n d a r y  I la l i g n a n t  l i v e r  d i s e a s e  and  H a e m o l y t i c  
J a u n d i c e .
The mean b l o o d  c h o l a t e  l e v e l  i n  Groups E & F was 2 . 1  and  
1 . 5  r e s p e c t i v e l y .  The v a l u e s  f o u n d  w e re  w i t h i n  t h e  l i m i t s  
f o r  Group A, b u t  t h e  number  o f  c a s e s  i n  b o t h  Group E & F i s  
v e r y  s m a l l .  The r e s u l t s  a r e  t a b u l a t e d  i n  T ab les"  10 J H 3 . .  1\.
f -
A .
TABIE 10
BILE ACID LB'/EL AND GENERAL BIOCIÆI/IICAL glNDE^GS IH SECONDARY ivîALIGMMT
DISEASE. Group E . —
[Urine Serum • Ibiood,
Diagnosis Uro­
bilin
Bilirubdn
mg/lOQoiL
Hios|hatase
U/lOOml.
ChofestEToL
mg/lOdnL
Total
protean
Alb. Glob. a/g . Coll.
Gold
Cholâtes
mgiOOijQ.
1. Sec .Ca^i noma. 
Primary Stomach + 0.5 4.7 147 5.4 4.4 1.0 4.4 0 1.5
2. Sec.üa.
Primary Colon ++ 1.8 21 243 5.9 3.3 2.6 1.3 0 3.0
3. Sec.Ca.
Primary Breast ++ 0.5 13 165 5.3 3.2 2.1 1.5 1 2.5
4. Sec aCa.
Primary Stomach ++ 0.8 24 - 6.7 3.7 3.0 1.2 - 2.4
5. ++ 0.5 8.7 151 - - - - - 2.4
6.
1
Se c a Ca•
Primary Stomach ++ 1.0 - 178 - - - 2.2
7. Se c a Ca o 
Primary Ethenoid + 0.7 32 219 5.8 2.9 2.9 1.0 3 1.0
TABLE It i
BILE ACID LEVEL Ai'ID GEl^ TERAL BIOCtIEMICAL PIKDIÎ\iGS IM HAEMOLYTIC JAUNDICE,
Group F ,
Urine Serum &4oocL
Diagnosis
Uro­
bilin
HLlrubin
D^OOml
Hiosphatsæ 
U/100 ml.
Gbolestarol
mg/lOOml.
Total
protein
Alb. Glob . A/G. Coll.
Gold
Cholates
mg/LOCtol.
p>
1.Pernicious 
anaemia ++ 1.1 12.6 1.0
2.Congenital 
acholuria . + 2.9 6.0 131 6.4 4.9 1.5 3.3 - 0.2
3.Pernicious 
anaemia ++ 1.9 4.2 127 6.9 4.7 2.2 2.1 0 3.0
^  4.Post-trans­
fusion jaundice ++ 2.0 141 7.1 3.7 3.4 1.1 - 3.0
5.Pernicious 
anaemia
++ 0.5 - - - - - - - 3.0
6.Pernicious 
anaemia
++ 0.6 9 181
■ ■ ■
0.8
4 .  THE CHOLIC ACID TQLERAITGE TEST
T e c h n iq u e  o f  T e s t .
1 ) .  P r e p a r a t i o n  o f  t h e  so d iu m  c h o l a t e  f o r  i n j e c t i o n .  P u r e  
c h o l i c  a c i d  (H o p k in s  and  W i l l i a m s )  was r e c r y s t a l i z e d  f r o m  
e t h y l  a c e t a t e ,  and  d r i e d  i n  v a c u o ,  m. p. 199^0.  A 25jS (w /v)  
a q u e o u s  s o l u t i o n  o f  t h e  so d iu m  s a l t  was made and  s t e r i l i s e d  
by b o i l i n g .  4 m l .  o f  t h i s  was e q u i v a l e n t  t o  1 g .  so d iu m  
c h o l a t e .
B lo o d  f r o m  t h e  a n t e - c u b i t a l  v e i n  o f  t h e  f a s t i n g  s u b j e c t  i s  
t a k e n  i n t o  a  c l e a n  d r y  b e a k e r ,  w i t h o u t  any  a n t i - c o a g u l a n t ,  
a nd  10 m l .  o f  t h i s  i m m e d i a t e l y  p i p e t t e d  i n t o  a  f l a s k ,  
c o n t a i n i n g  t h e  e t h a n o l - e t h e r - b a r i u m  m i x t u r e ,  w i t h  s h a k i n g .
4 m l .  o f  t h e  so d iu m  c h o l a t e  i s  d i l u t e d  t o  20 m l .  v / i t h  s a l i n e  
and  i n j e c t e d  s l o w l y .  P r o v i d e d  a  l i t t l e  t i m e  i s  t a k e n  o v e r  
t h e  i n j e c t i o n ,  t h e  p a t i e n t s  do n o t  c o m p l a i n  o f  t h e  
c h a r a c t e r i s t i c a l l y  b i t t e r  t a s t e  o f  t h e  b i l e  s a l t s .  T o x ic  
e f f e c t s  have  n o t  so  f a r  b e e n  e n c o u n t e r e d .  T h ro m b o s is  o f  
t h e  a n t e c u b i t a l  v e i n  o c c u r r e d  i n a p p r o x i m a t e l y  5 ^  o f  t h e s e  c a s e s ,  
b u t  i t  was n e v e r  s e v e r e  en o ug h  t o  n e e d  t r e a t m e n t .  B lood  
s a m p le s  (10  m l . )  w e re  t a k e n  5 and  60 m in s .  a f t e r  t h e  i n j e c t i o n ,  
and  i n  some c a s e s  a t  120 m in .  The b l a d d e r  was e m p t i e d  
b e f o r e  t h e  i n j e c t i o n ,  and  a l l  t h e  u r i n e  p a s s e d  a t  h o u r l y  
i n t e r v a l s  f o r  1, 2,  3 ,  o r  4 h o u r s  c o l l e c t e d .  '
( oo
4 .
2 ) •  A Qompari s  on of the intravenous c h o l i c  a c id  to ler a n ce  
t e s t ,  w ith  other l i v e r  fu nct i o n  t e s t s ,  and the  
g en era l  b iochem ical  f in d in g s .
A suimaary o f  t h e  t e s t s  a n d  e s t i m a t i o n s  em p loy ed .
1. L i v e r  f u n c t i o n  t e s t s .
1) I n t r a v e n o u s  G a l a c t o s e  t o l e r a n c e .  The g a l a c t o s e  was 
p r e p a r e d  and  s t e r i l i s e d  a s  d e s c r i b e d  by K in g ,  H a r r i s o n ,  and 
D e l o r y , ( 1 9 4 0 ) .  The s o l u t i o n ,  (1  ml.  50Jb w /v ,  e q u i v a l e n t
t o  0 . 5  g .  g a l a c t o s e /  g , b o d y  w e i g h t )  was i n j e c t e d  i n t r a ­
v e n o u s l y  i n  t h e  f a s t i n g  s u b j e c t .  No t o x i c  e f f e c t s  w ere  
e n c o u n t e r e d .  C a p i l l a r y  b l o o d ,  ( 0 . 2  m l . )  was t a k e n  b e f o r e  
t h e  i n j e c t i o n ,  l / 2 ,  1, 1-  ^ & 2 h o u r s  l a t e r  and  w a sh e d  i n t o  
p r e p a r e d  t u b e s  c o n t a i n i n g  i s o t o n i c  sod iu m  s u l p h a t e  ( 2 . 2  ml)  
a n d  so d iu m  t u n g s t a t e  ( 0 . 2  m l ) .  The g l u c o s e  i n  t h e  b l o o d  
was c o m p l e t e l y  rem oved  by f e r m e n t a t i o n  w i t h  washed  b a k e r ’ s 
y e a s t .  The G a l a c t o s e ,  w h ic h  was n o t  a t t a c k e d ,  was 
e s t i m a t e d  by t h e  c o p p e r  r e d u c t i o n  m ethod  u s e d  f o r  b l o o d  
g l u c o s e .  (King  & A i t k e n ,  1 9 4 0 ) .
The 2 h o u r  e l i m i n a t i o n  t e s t  w h i l e  a b l e  t o  d i s t i n g u i s h  b e tw e e n
n o r m a l  and  a b n o r m a l  r e s p o n s e s  c o u l d  n o t  d i f f e r e n t i a t e  b e tw e e n
d i f f e r e n t  t y p e s  o f  n o r m a l  t o l e r a n c e  c u r v e .  A m o d i f i c a t i o n
Z1 Ù
o f  t h e  ’’G a l a c t o s e  t i m e ” i n t r o d u c e d  by B a r n e s  and  K in g ;  (1942)  
was u s e d  t o  e x p r e s s  t h e  d i f f e r e n t  r e s u l t s  g i v e n  by n o r m a l  
■and p a t h o l o g i c a l  c a s e s .
G a l a c t o s e  t i m e  = a x  a  = •§• h o u r  b l o o d  g a l a c t o s e  v a l u e
a - b  b = l a s t  f i g u r e  f o r  b l o o d  l e v e l  b e f o r e  
c o m p l e t e  e l i m i n a t i o n .
X = 1 / 2 , 1 o r  - i j  h r .  f i g u r e ,  d e p e n d i n g  
on v a l u e  o f  b.
T h i s  e x p r e s s e d  t h e  r a t e  o f  d i s a p p e a r a n c e  o f  g a l a c t o s e  f ro m  
t h e  b l o o d  i n  m i n u t e s  and  a p p r o x i m a t e l y  t o  a n  a v e r a g e  r a t e  o f  
r e m o v a l .
2) The i n t r a v e n o u s  H i p p u r i c  a c i d  s y n t h e s i s  t e s t .  The 
s y n t h e s i s  o f  h i p p u r i c  a c i d  f r o m  b e n z o i c  a c i d  and  g l y c i a l  
h a s  b e e n  w i d e l y  u s e d  a s  a  l i v e r  f u n c t i o n  t e s t .  V/e em ployed
2rii
t h e  i n t r a v e n o u s  m o d i f i c a t i o n  o f  Q,uick, O t t e n s t e i n  and  W elbeck  
C l9 2 8 ) .  20 m l .  o f  a n  8 .8 5  s o l u t i o n  o f  s o d iu m  b e n z o a t e ,  
c o n t a i n i n g  1 .7 7  g .  ( e q u i v a l e n t  t o  1 . 5  g.  b e n z o i c  a c i d )  was 
i n j e c t e d  i n t r a v e n o u s l y .  The s u b j e c t  i m m e d i a t e l y  e m p t i e d  
h i s  b l a d d e r  a n d  was t h e n  g i v e n  a  p i n t  o f  w a t e r  t o  d r i n k  t o  
e n s u r e  a  s u f f i c i e n t  u r i n e  volume a t  t h e  h o u r .  _60 m i n u t e s  
a f t e r  t h e  i n j e c t i o n ,  t h e  e n t i r e  u r i n e  s p e c im e n  was 
c o l l e c t e d  and  s e n t  t o  t h e  l a b o r a t o r y .  The u r i n e  was 
a n a l y s e d  by th e  m ethod  o f  W e re h s e lb a u m  and  P r o b s t e i n  ( 1 9 2 8 ) .
D ark  s p e c i m e n s  w ere  d e c o l o u r i z e d  w i t h  c h a r c o a l ,  and  any  
s p e c i m e n  e x c e e d i n g  150 m l .  was e v a p o r a t e d  dov/n t o  a b o u t  100 m l.  
The h o t  u r i n e  was s a t u r a t e d  w i t h  s a l t ,  and  t h e  f i l t r a t e  
a u d i f i e d  w i t h  5 0 ^  s u l p h u r i c  a c i d ,  u n t i l  a c i d  t o  congo  r e d .
The s o l u t i o n  was l e f t  t o  s t a n d  o v e r n i g h t  i n  th e  c o l d ,  and  
t h e  c u p t a l s  o f  h i p p u r i c  a c i d  t h e n  f i l t e r e d  o f f  by s u c t i o n ,  
d r i e d ,  d i s s o l v e d  i n  w a t e r ,  and  l i t r a t e d  w i t h  0 . 5  N NaOH.
lOX,
The n o r m a l  r a n g e  f o r  e x c r e t i o n  o f  h i p p i i r i c  a c i d  u n d e r  t h e s e  
c o n d i t i o n s  was f o u n d  t o  be 0 . 7 5  -  1 . 2 1 . ,  h i p p u r i c  a c i d
X73
e x p r e s s e d  a s  so d iu m  b e n z o a t e .  ( S h e r l o c k ,  194S)
2. B i o c h e m i c a l  E s t i m a t i o n s .
1) Serum B i l i r u b i n .  T h i s  was e s t i m a t e d  by t h e  m e tho d  o f
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H a s lew o o d  & K ing  ( 1 9 3 7 ) .  The s e ru m  was t r e a t e d  w i t h  
d i a z o t i z e d  s u l p h a n i l i c  a c i d  and t h e  d i r e c t  Van den B e rg h  
r e a c t i o n  r e c o r d e d  a s  p o s i t i v e  o r  n e g a t i v e .  The p r o t e i n s  
w e re  p r e c i p i t a t e d  w i t h  s a t u r a t e d  ammonium s u l p h a t e  and  t h e  
c o l o u r  d e v e l o p e d  w i t h  8 5 ^  e t h a n o l .  The p i n k  c o l o u r  o f  t h e  
f i l t r a t e  was com p ared  w i t h  a n  a r t i f i c i a l  s t a n d a r d  ( M e th y l  Red) 
i n  a  p h o t o - e l e c t r i c  c o l o r i m e t e r ,  u s i n g  a n  I l f o r d  t r i c o l o u r  
g r e e n  f i l t e r .  The u p p e r  l i m i t  o f  n o r m a l  was t a k e n  a s  1 . 0  mg. 
b i l i r u b i n / 1 0 0  m l .  se rum .
2) Serum  a l k a l i n e  p h o s p h a t a s e .  A s l i g h t l y  m o d i f i e d  K ing  &
27b
A r m s t r o n g  (1 9 3 4 )  m e th o d ,  was u s e d .  The amount o f  h y d r o l y s i s  
was d e t e r m i n e d  when t h e  s e r u m  a l k a l i n e  p h o s p h a t a s e  a c t e d  on a  
s u i t a b l e  s u b s t r a t e ,  i n  t h i s  c a s e  p h e n y l  p h o s p h a t e ,  a t  t h e  
opt imum pH f o r  15 m in s .  The p h e n o l  l i b e r a t e d  was e s t i m a t e d  
by t h e  b l u e  c o l o u r  g i v e n  by F o l i n  & G i o c a l t e a u i s  r e a g e n t ,  i n  a  
p h o t o - e l e c t r i c  c o l o r i m e t e r .  ( I l f o r d  t r i c o l o u r  r e d  f i l t e r . )
10 u n i t s  /  100 m l .  s e ru m  was t a k e n  a s  t h e  u p p e r  l i m i t  o f  n o r m a l .
3) Serum C h o l e s t e r o l .  T h i s  was e s t i m a t e d  by a  m o d i f i e d
V h
l i e b e m a n u y B u r c h a r d  r e a c t i o n  ( S a c k e t t ,  1 9 2 5 ) .  Serum, 0 . 2  m l .  
was s l o w l y  d r o p p e d ,  w i t h  s h a k i n g  i n t o  a n  a l c o h o l - e t h e r
(«33
m i x t u r e ,  w h i c h  e x t r a c t e d ,  t h e  c h o l e s t e r o l  and  p r e c i p i t a t e d  t h e  
s e ru m  p r o t e i n s .  The a l c o h o l - e t h e r  was e v a p o r a t e d  t o  d inrness  
a n d  t h e  r e s i d u e  t a k e n  up i n  c h l o r o f o r m .  The g r e e n  c o l o u r  w h ic h  
d e v e l o p e d  on t r e a t m e n t  w i t h  a c e t i c  a n h y d r i d e  a n d  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  was com pared  w i t h  t h a t  g i v e n  by a  p u r e • c h o l e s t e r o l  
s t a n d a r d ,  i n  a  p h o t o e l e c t r i c  c o l o r i m e t e r ,  u s i n g  a n  I l f o r d  
t r i c o l o u r  r e d  f i l t e r .
The n o r m a l  r a n g e  was t a k e n  a s  1 2 0 - 2 3 0  mg. / lOO ml.  se rum .
4) Serum P r o t e i n s .  The N e s s 1 e r i s a t i o n  m eth o d  o f  K in g ,
X77 Z7C
H a s le w o o d ,  De l o r y  & B e a l l  (1937 & 1942) was u s e d .  The t o t a l  
p r o t e i n s  w e re  e s t i m a t e d  i n  se ru m  d i l u t e d  w i t h  i s o t o n i c  so d iu m  
c h l o r i d e .  A n o t h e r  sam p le  o f  t h e  s e r u m  was t r e a t e d  w i t h  so d iu m  
s u l p h i t e  s o l u t i o n  t o  p r e c i p i t a t e  t h e  g l o b u l i n s ,  and  t h e  
f i l t r a t e  u s e d  f o r  a l b u m i n  e s t i m a t i o n .  I n  b o t h  t h e s e  c a s e s  t h e  
p r o t e i n s  v/ere p r e c i p i t a t e d  w i t h  z i n c  s u l p h a t e  a n d  so d iu m  
h y d r o x i d e  a n d  t h e  p r e c i p i t a t e  d i g e s t e d  w i t h  s u l p h u r i c  a c i d  
c o n t a i n i n g  s e l e n i u m  d i o x i d e .  . The p r o t e i n  n i t r o g e n  was 
d e t e r m i n e d  c o l o r i m e t r i c a l l y  a s  ammonium s u l p h a t e ,  w i t h  N e s s l e i s  
s o l u t i o n .  The a p p r o x i m a t e  p r o t e i n  v a l u e s  w ere  o b t a i n e d  by 
m u l t i p l y i n g  t h e  n i t r o g e n  f i g u r e s  by 6 . 2 5 .  The g l o b u l i n  was 
g i v e n  by s u b t r a c t i o n .  The a l b u m i n / g l o b u l i n  r a t i o  was a l s o  
r e p o r t e d .
The n o r m a l  r a n g e s  v/ere t a k e n  a s
T o t a l  p r o t e i n  6 -8 g  / lOO m l.
A lb u m in  3 . 4 - 6  g . / l O O  m l.
G l o b u l i n  1 .5  -  3 g .  / lOO m l.
a /G  r a t  io  1 . 3  -  4 .
5) Serum C o l l o i d a l  G o ld . T h i s  was c a r r i e d  o u t  a c c o r d i n g  t o  
M a c la g e n ^ s  (19 44 )  m e th o d .  The c o l l o i d a l  g o l d  was made up a n d
2-tro
s t a b i l i z e d  w i t h  a l k a l i  ( P a t t e r s o n ,  1 9 3 1 ) .  Barb i t o n e  b u f f e r ,
( 0 . 5  m l .  pH 7 . 8 )  s e ru m ,  ( 0 . 0 5  m l . )  c o l l o i d a l  g o l d  ( 2 . 5  m l . )  
v/ere m ix e d  i n  a  Lange t u b e  and  a l l o w e d  t o  s t a n d  o v e r n i g h t .  The 
d e g r e e  o f  p r e c i p i t a t i o n  v/as r e c o r d e d ,  c o m p le t e  p r e c i p i t a t i o n  i n  
any  t u b e  ?/as r e p o r t e d  a s  5, none  a t  a l l  a s  0. The i n t e r m e d i a t e  
d e g r e e s  w ere  i n t e r p o l a t e d  by c o m p a r i s o n .
6) U r i n a r y  B i l i r u b i n  -  M e t h y le n e  B lu e  T e s t .  ( G e l l i s  &
S t o k e s ,  ) .  An aq_ueous s o l u t i o n  o f  M e t h y le n e  B lu e  ( 0 . 5f/i)
vfas a d d e d  d r o p w i s e ,  f r o m  a  s t a n d a r d  p i p e t t e  t o  5 m l .  u r i n e .
The number  o f  d r o p s  n e c e s s a r y  t o  g i v e  a  b l u e  c o l o u r  was n o t e d .
I f  more t h a n  5 d r o p s  w e re  n e e d e d ,  t h e  u r i n e  was d i l u t e d  w i t h  
d i s t i l l e d  w a t e r  and t h e  t e s t  r e p e a t e d .  I f  b i l i r u b i n  i s  a b s e n t  
o n l y  2 o r  3 d r o p s  o f  M e t h y le n e  B lu e  a t  most  w i l l  be n e c e s s a r y .
I f  b i l i r u b i n  i s  p r e s e n t  a n y t h i n g  f r o m  4 t o  20 d r o p s  i n  t h e  
u n d i l u t e d  s p e c i m e n  w i l l  have  t o  be a d d e d  b e f o r e  a  b l u e  c o l o u r  
i s  o b t a i n e d .
H u n t e r   ^8 t e s t .  The b i l e  p i g m e n t s  v;ere q u a n t i t a t i v e l y  
p r e c i p i t a t e d  f r o m  u r i n e  ( 8 . 0  m l . )  w i t h  B a r iu m  C h l o r i d e  
(2 m l.  lOfj) ( P o l l a c k ,  1 9 4 5 ) .  A f t e r  c e n t r i f u g i n g  and  w a sh in g  
t w i c e  w i t h  d i s t i l l e d  w a t e r , '  t h i s  p r e c i p i t a t e  was t r e a t e d  w i t h  
d i a z o t i z e d  s u l p h a n i l i c  a c i d ,  t h e  c o l o u r  e l u t e d  w i t h  e t h a n o l  
(95^2), and  a  s m a l l  amount  o f  p h o s p h a t e  b u f f e r  a d d e d .  A 
r e d d i s h  brown c o l o u r  was t a k e n  a s  a  p o s i t i v e  r e s u l t .  I n
(OS-
d o u b t f u l  c a s e s  t h e  t e s t  was r e p e a t e d  on l a r g e r  q u a n t i t i e s  o f  
u r i n e ,  and  t h e  c o l o u r  o b t a i n e d  was c o m pared  w i t h  t h e  c o l o u r  i n  
a  s i m i l a r  t u b e  w h e re  t h e  d i a z o  r e a g e n t  was r e p l a c e d  by h y d r o ­
c h l o r i c  a c i d .  The r e s u l t s  w e re  r e p o r t e d  a s  - v e ,  s l i g h t  
p o s i t i v e ,  p o s i t i v e  and  p o s i t i v e .
7) U r o b i l i n o g e n . E r l i c h e s  a l d e h y d e  r e a g e n t  ( p - d i m e t h y l  
a n im o b e n z a l d e h y d e  i n  s t r o n g  E e l )  was a d d ed  t o  a  f r e s h  sam ple  
o f  u r i n e .  A p o s i t i v e  r e a c t i o n  was i n d i c a t e d  by a  c h e r r y  r e d  
c o l o u r .
The r e s u l t s  were  r e c o r d e d  a s  a b o v e .
8) U r o b i l i n .  The o x i d a t i o n  o f  u r o b i l i n o g e n  t o  u r o b i l i n  was 
c a a p l e t e d  by 0 . 1  N I o d i n e .  S t h a n o l i c  z i n c  a c e t a t e  v/as t h e n  
a d d e d ,  and  any  f l u o r e s c e n c e  i n  t h e  s p e c i m e n  v i e w e d ,  a f t e r  
some h o u r s  a g a i n s t  a  d a r k  b a c k g r o u n d .  The r e s u l t s  w ere
\
r e c o r d e d  i n  t h e  same way.
9) B i l e  S a l t s .  H a y ’ s t e s t  was done u n d e r  s t a n d a r d  c o n d i t i o n s .  
U r i n e  (10  m l . )  made a c i d  t o  u n i v e r s a l  i n d i c a t o r  w i t h  HCl
v/as p l a c e d  i n  a  c l e a n  b e a k e r ,  and h e l d  s t e a d i l y  a t  eye l e v e l  
i n  a  good  l i g h t .  Re sub  l im e d  s u l p h u r  was d r o p p e d  g e n t l y  o n t o  
i t s  s u r f a c e .  Im m e d ia te  s i n k i n g  o f  t h e  p a r t i c l e s  was r e p o r t e d  
a s  p o s i t i v e ,  w h i l s t  a  few s e c o n d s  d e l a y  i n  g i n k i n g  i n d i c a t e d  a  
s l i g h t  p o s i t i v e .  Most  o f  t h e  s a m p le s  g a v e  n e g a t i v e  r e s i l t s .
The r e s u l t s  a r e  shown i n  T a b le  12.
A c r i t i c a l  e v a l u a t i o n  o f  some o f  t h e s e  b i o c e h m i c a l  m e th o d s  h a s
■
b e e n  g i v e n  by S h e r l o c k  ( 1 9 4 ^ ) .  I n  g e n e r a l ,  i n  a c u t e  h e p a t i t i s
TABLE 11.
THE INTRAVENOUS CHOLIC ACID TOLERANCE TEST COMPARED WITH THE 
GALACTOSE TOLERANCE. AND THE HIPPURIC ACID TEST OF LIVER
FUNCTION.
P t . D ia g n o s is
B i l i ­
ru b in
mg./ l o o
m l.
P h o s­
p h a ta se
U/lOO
m l.
C h o le­
s t e r o l  
m g ./  
300 m l.
G a la c to s e
t o le r a n c e
G.T. H ipp­
u r ic
a c id
gras.
C h o lic  a c id  
T o le r a n c e  
m g/100 m l.
U rin ary
s h o la t e s
U rin a ry
u ro ­
b i l i n
(1 ) O b s tr u c t iv e J a u n d ice Group B.
A. Carcinom a
b i l e  d u c t s . 5 .0 48 234 55 32 2 0 67 0 .7 2 .0  1 1 .0  7.5 - v e
T. Carcinom a
stom ach . 1 0 .7 67 189 87 -  58 3 4 149 - 1 .8  1 0 .0  4 .8 +ve - v e
R. Carcinom a
p a n c r e a s . 1 6 .5 33 250 139 80 25 0 73 0 . 4 5 .2  9 .7  6 .1 +ve - v e
(2 ) C ir r h o s i s . Group G.
H. I n a c t iv e . 0 .8 24 175 40  18 0 0 0 .5 2 .0  7 .0  1 .8 -v e -v e
Ha. II 0 .7 12 185 50 10 7 0 69 0 .9 5 2 .0  1 1 .0  2 .0 - v e +ve
C. II 0 .5 40 105 122 10 0 0 33 1 .0 5 1 .5  6 .8  1 .3 - v e
S . A c t iv e . 2 .2 1 1 .1 146 138  59  55 20 111 0 . 3 1 .0  6 .5  3 .2 - v e +ve
( 3 ) H a e m o ly tic J a u n d ic e . Group P.
J . H a e m o ly tic 2 .9 6 .0 121 1 19 7 0 0 48 1 .16 1 .0  7 . 5  1 .5 - v e ++ve
Anaemia
L. P. A. 2 .2 - - 43 16 0 0 48 0 .6 3 . 0  1 1 .5  2 .8 - v e ++ve
( 4 ) S eco n d a ry  Carcinom a o f  L iv e r . Group E.
T. 0 .5 5 .7 147 1 .0 1 .5  5 .0  2 .0 - v e ++ve
G. 0 .5 1 1 .0 165 0 .3 3 . 0  8 .7  4 .0 +ve ++ve
Gy. 3 .4 23 193 87 37  13 0 99 0 .5 2 .5  1 5 .0  4 .9 - v e ++ve
TABLE 13..
( c o n t in u e d ) .
P t .
B i l i ­
ru b in
ra^lOC
P h o s -
m l.
C h o le­
s t e r o l
T g / m l
G a la c to s e
t o le r a n c e G.T.
H ip p u r ic
a c id
gms.
C h o lic  a c id  
T o le r a n c e  
m g./loo m l.
U rin a ry
u r o ­
b i l i n
GROUP D. ACUTE HEPATITIS.
Grade A.
À. 3 .0 22 178 50 5 2 0 63 1 .1 0 .2 7 .5 0 .2 +ve
S . 5 .6 23 250 94 35 11 0 68 0 .8 1 .0 7 .0 2 .0 +ve
G. 2 .2 17 111 0.95 0 6 .0 5 .1 +ve
Grade B.
D. 3 .5 25 206 136 88 45 16 102 0 .7 1 2 .5 9 .0 4 .9 +ve
G. 8 .2 10 266 - 15 0 0 35 0. 65 3 .5 10 5 .0 +ve
L. 6 .4 20 256 73 59 0 0 60 0 .5 2 .5 14 .8 4 .8 +ve
M. 1 7 .4 16 256 73 4 4 10 0 70 0 .4 5 3 . 0 9 .5 4 .8 - v e
R. 2 .5 33 - 77 32 25 9 104 1 .0 5 .5 2 .5 +ve
V. 7 .7 1 4 .2 256 87 25 10 0 70 0 .3 5 2 .5 1 0 .0 3 .5 +ve
T. 12 12 190 71 50 10 0 68 0 .3 5 2 .5 5 .3 3.0 - v e
M. 6 .2 12 161 82 20 14 0 72 0 . 4 2 .5 7 .0 4.9 +ve
P . 18 12 186 102 47 26 19 105 0 .4 0 5 .7 4 .5 - v e
Grade C.
D. 7 .8 16 200 117 68 3 0 65 0 .4 3 1 .0 6 .3 4 .8 +ve
H. 11.2 25 169 106 60 39 3 92 0 .6 4 3 .0 1 1 .0 5 .5 +ve
M. 1 1 .5 17 152 91 60 40 4 9 4 0 .63 - 4 .8 +ve
Grad<3 D.
M. 15 17 217 113 55 31 8 97 0.41 3 .0 7 .0 5 .5 +ve
y o g
t h e  e x t e n t  o f  t h e  l i v e r  damage i s  r e f l e c t e d  i n  t h e  serum, 
b i l i r u b i n  a n d  se ru m  a l b u m i n  l e v e l s .  ( h l a c to s e  t o l e r a n c e  and  
c h o l i c  a c i d  t o l e r a n c e  a r e  i m p a i r e d  o n l y  i n  t h e  more s e v e r e  
g r a d e s .  I m p a i r m e n t  o f  h i p p u r i c  a c i d  s y n t h e s i s  i s  i n c o n s t a n t ,  
and  d o e s  n o t  a g r e e  w i t h  t h e  e x t e n t  o f  t h e  h e p a t i c  l e s i o n .
No c o n s t a n t  b i o c h e m i c a l  a b n o r m a l i t i e s  a r e  f o u n d  i n  l a t e n t  
c i r r h o s i s ,  b u t  i n  a c t i v e  c i r r h o s i s ,  a b n o r m a l i t i e s  a r e  
d e m o n s t r a t e d  by a l l  t h e  m e th o d s  u s e d .
I n  o b s t r u c t i v e  j a u n d i c e ,  g a l a c t o s e  t o l e r a n c e  a nd  h i p p u r i c  
a c i d  s y n t h e s i s  and  c h o l i c  a c i d  t o l e r a n c e  a r e  a b n o r m a l  an d  
t h e  s e r u m  p r o t e i n s  a r e  d e c r e a s e d ;  t h e  r a i s e d  se ru m  
p h o s p h a t a s e  i s  o f  u s e  i n  d i a g n o s i s .
I n  t h e  g r o u p s  w i t h o u t  j a u n d i c e ,  no  d e c r e a s e  i n  l i v e r  f u i n  t i o n  
c a n  be shown f r o m  a n  o c c a s i o n a l  r i s e  i n  p h o s p h a t a s e ,  o r  low 
h i p p u r i c  a c i d  e x c r e t i o n .
4Table 14. THE RATS OF DISAPPEARAI'JCE OF INJECTED SODIUM 
dlîÛÏAl'IÎ'gR'OM TriE feLOQD OF 6 kORfJaL SUBJECFST
NO. AGE WT.
(KG)
0. 5. 10. 15. 20. 25. 30. 35. 40. 45. Dis app - 
earance 
Time 
(Mins )
1. 16 66 n o 5. 0 4.0 3.5 1.5 1.5 - - — — 20
£ . 56 67 1.5 8.5 - 4.5 3.5 3.2 1.0 - — — 30
3. 59 46 2.0 5.5 4.0 3. 8 2 .5 2.8. 2.0 2.0 2.0 — 30
4. 35 64 1..0 6 .4 4.0 3.0 2 .5 2 .7 2.5 1. 0 — — 35
5. 45 51 l._0 5.0 3. 0 2.5 2 .7 2^0 1.^ 8. ,, 1.0 — 40
6 . 59 61 1.5 9 .6 4.5 3.5 3. 0 3. 0 2.7 2.5 1.8 1.5 45
//O
5 .
1) GHOLIG AQID TQLSRAi^TOE IN a ]  "siIBJSCTS WITHOUT LIVER DISEASE 
The r e s u l t s  i n  16 n o r m a l  s u b j e c t s  a r e  shown i n  T a b l e  13.
T a b le  12.
GHOLIG AGID T0L2RANGE IN 16 NORÎvAL SUBJEGTS
M i n u t e s  a; I t e r  i n j e c t i o n
0
B lo o d
5
G h o l a t e s
30
mg/lOO m l.
60
A v e ra g e 1 .5 6 . 7 2» 6 1 . 6
UajLlimm 2 . 0 1 0 . 0 7 . 0 2 . 5
Minimum 1 . 0 2 . 5 1 . 0 1 . 0
I n  e v e r y  c a s e  t h e  b l o o d  l e v e l  r e a c h e d  t h e  p r e - i n j e c t i o n  
f i g u r e  one h o u r  l a t e r .  The e x a c t  t im e  a t  w h ic h  t h e  b loo d  
c h o l a t e s  w ere  a g a i n  n o r m a l  v/as o f  i n t e r e s t ,  s o  t h i s  was 
more f u l l y  i n v e s t i g a t e d  i n  6 s u b j e c t s .  B lood  f o r  a n a l y s i s  
was t a k e n  a t  5 m in .  i n t e r v a l s  f o r  45 m i n u t e s  a f t e r  t h e  
i n j e c t i o n .  The r e s u l t s  a r e  shown i n  T a b le  14.
TABLE 1 3 .
GROUP B. GHOLIG AOID TOLERANCE IN OBSTRUCTIVE JAUNDICE.
P t .
1
S ex D ia g n o s is Dura­t i o n
o f
jau n ­
d ic e .
(d a y s )
B i l ir u b in  
(m g./lO O  
m l. )
C h o le s t e r o l  
(m g./lO O  m l)
B lood  c h o la te  v a lu e s  (m g/100 m l)  
a f t e r  i n j e c t i o n
U rine
C h o la te s
R e s t in g
l e v e l
5 m in. 60  rain. 120 m in.
a f t e r
in j e c ­
t i o n .
A. Carcinoma 
b i l e  d u c ts
5 5 .0 234 2 .0 1 1 .0 7 .5 - -
T. 9 Carcinom a  
stom ach  
(S e e  jaun­
d i c e ) .
63 1 1 .0 189 1 .8 1 0 .0 4 .8 - +
L. ?
«I It 35 7 .7 - 2 .5 10 . Ô 8 .5 - +
G. Ô A m pullary
carcin om a
42 9 .1 - 2 .3 6 .2 5 .0 - . +
J . â Carcinom a
p a n c r e a s .
28 1 5 .0 182 5 .0 1 3 .0 7 .0 - +
B. 6 G allstones 42 2 0 .0 163 4 .5 1 0 .3 8 .5 - +
AM. $ Carcinoma stom ach  
( s e e  jaun­
d i c e ) .
23 3 4 .0 265 3 .3 7 .3 3 .5 3 .7 +
S. S Carcinoma 
h ead  o f  
p a n c r e a s .
7 1 3 .0 - 2 .9 5 .8 4 .7 4 .0 +
SA. 6 It It 3 4 .3 - 4 .0 1 1 .5 7 .2 4 .8 -
R . 6 Carcinom a
p a n c r e a s . 6 3 1 4 .5 250 5 .2 9 .7 6 .1  • 5 .8 +
To. S G a llsto n es, 1 3 .5 190 2 .0 5 .0 2 .8 2 .5 +
TABLE 15 . 
( c o n t in u e d ) .
P t . S ex D ia g n o s is
D ura-
t io n
o f
B i l i r u b in
(m g./lO O
C h o le s t e r o l  
(m g./lO O  m l)
B lood  c h o la t e  v a lu e s  (m g/100 m l) 
a f t e r  i n j e c t i o n .
U rin ary
G h o la tes
a f t e r
i n j e c ­
t i o n .
jau n ­
d ic e
(d a y s )
m l. )
R e s t in g
l e v e l 5 m in. 6o m in. 120 min
HE. $ Carcinom a  
b i l e  ducts
100 19 872 6 .5 8 .7 7 .6 ++
SA. F Carcinoma
p a n crea s
47 5 .7 243 5 .1 10 9 ++
TE. Careinoraa 
A m pullary
42 1 0 .8 186 1 .0 11 3 .5 + +
HA. o^irctrtovvKX pcatacrtoj 35 1 5 .4 300 8 .0 1 4 .5 1 4 .0 + +
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Group B. OBSTRUCTIVE JAUNDICE. P ig .  2.
«
n
m â mm
I n tr a v e n o u s  c h o l i c  a c id  t o l e r a n c e .
T" r ^ r “TT
%
flPTjfP
■iiitiiip-tt
l/<f.
Group B. OBSTRUCTIVE JAUKDIOB. P ig .  3 .
, K fV it-
M M
mm
I n tr a v e n o u s  c h o l i c  a c id  t o l e r a n c e .
5'
I n  a l l  t h e s e  c a s e s  t h e  b l o o d  s t r e a m  was c l e a r e d  o f  c h o l a t e s  
by 45 m i n s .  I t  was a s su m e d  t h a t  60 m in s .  was t h e  o u t s i d e  
l i m i t  f o r  c l e a r a n c e  a n d  when d e a l i n g  w i t h  p a t h o l o g i c a l  c a s e s ,  
b l o o d  was t a k e n  b e f o r e  i n j e c t i o n ,  a n d  5 & 60 m i n s .  l a t e r .  
C h o l a t e s  i n  t h e  u r i n e .  No c h o l a t e s  w e re  f o u n d  i n  t h e  u r i n e
I
o f  t h e s e  s u b j e c t s  a f t e r  t h e  i n j e c t i o n  o f  1 . 0  gm. s o d iu m  
c h o l a t e .
4 .  2) A. CHOLIC ACID TOLERANCE IN OBSTRUCTIVE JAUNDICE
16 c a s e s .  I n  e v e r y  c a s e  t h e  b l o o d  c h o l a t e  l e v e l  a t  60 inms. 
was h i g h e r  t h a n  t h e  i n i t i a l  l e v e l .  I n  o n l y  one c a s e  was t h e  
d i f f e r e n c e  s m a l l .  U s u a l l y  i t  was 3 - 5  m g . / lO O  m l .  I n  5 c a s e s  
a  b l o o d  s a m p le  was t a k e n  2 h o u r s  a f t e r  t h e  i n j e c t i o n ,  a n d  i n  
e a c h  o f  t h e s e  t h e  c h o l a t e  l e v e l  was s t i l l  r a i s e d .
B i l e  s a l t s  a p p e a r e d  i n  t h e  u r i n e  a f t e r  t h e  i n j e c t i o n  i n  13 
o u t  o f  t h e  16  c a s e s .
T a b l e  15.
F i g .  2 & 3 show t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  l i v e r ,  
and  t h e  r e s u l t s  o f  t h e  i n t r a v e n o u s  c h o l i c  a c i d  t o l e r a n c e  t e s t .  
B. ' CIRRHOSIS
I n  13 c a s e s  o f  c i r r h o s i s ,  t h e  b i l e  a c i d  l e v e l  60 m in .  a f t e r  
t h e  i n j e c t i o n  was n o t  s i g n i f i c a n t l y  r a i s e d  i n  5 c a s e s .  I n  
o n l y  3 c a s e s  was t h e  60 m in .  f i g u r e  h i g h .  B i l e  a c i d s  
a p p e a r e d  i n  t h e  u r i n e  i n  2 c a s e s .  U r o b i l i n  was p r e s e n t  i n  
a l l  t h e  u r i n e s .  T a b l e  16 .  F i g s .  4 & 5 show t h e  h i s t o l o g i c a l  
- a p p e a r a n c e  o f  t h e  l i v e r  i n  l a t e n t  a n d  a c t i v e  c i r r h o s i s ,  and  
t h e  r e s u l t s  o f  t h e  c h o l i c  a c i d  t o l e r a n c e  t e s t s .
TABL3 16.
CHOLIC ACID T0L3RAKCB IN 15 
CAS3S OP CIHRHOSIS.
a* INACÎIVS (5 ) .
P a t i e n t B il i ru t) in  
(mg./ICO ml. )
Blood C holates 
P a s t in g  5 mint 60 min 
(mg./lOO ml. )
U rinary  C holates 
( a f t e r  in j e c t io n )
H. 6 0 .7 2.0 11.0 2.0 -ve
C. 6 0 .5 1 .5 6 .8 1.3 -ve
B. ? 0 .8 0 4 .5 2 .0 +ve
JO. 0+ 0 .8 2.0 7 .0 1 .8 -ve
M. ? 0.5 1 .0 9 .0 1 .1 -ve
■b. ACTIVE (6 ) .
S. (? 2 .2 1 .0 6.5 3 .2 -ve
R. (f 0 .9 2 .0 14.5 3 .5 +ve
M. 7 .5 1.5 3 .9 3 .5 -ve
M. % 1 .7 3 .5 8 .8 6 .0 ++ve
K. c? 2.1 2.0 8 .0 2.5 -ve
W. ? 1 .2 1.5 9 .0 4 .0 -ve
I . S 2.5 6 .0 2.5 -ve
H. S 0.5 5 .0 2.0 -ve
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Group C. LATENT CIRRHOSIS. P ig .  k.
m
#&!?<% 1
M i M
t #
I n tr a v e n o u s  c h o l i c  a c id  t o l e r a n c e .
# #
4 i^ J:
-MM:
ittrfi fif=r£R iHieowoti
tefir
l i s
Group C. ACTIVE CIRRHOSIS. P ig .  5 .
à
H
I n tr a v e n o u s  c h o l i c  a c id  t o l e r a n c e .
tt 4-:
/ ‘t
6. ACUTE I ISPAïITlS
No. o f  c a s e s  i n v e s t i g a t e d ,  29.
T h e s e  w ere  c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  h i s t o l o g i c a l  g r a d i n g .
Group A, 7 c a s e s .
Group B, 13 c a s e s .
Group C, 6 c a s e s .
Group J ,  3 c a s e s .
The c o p p o s i t e  r e s u l t s  f o r  t h e s e  g r o u p s  a r e  s h o u n  i n  T a b l e  17.
T a b l e  17. O h o l i c  Ac.id t o l e r a n c e i n  a c u t e h e p a t i t i s
H i s t o l o g i c a l R e s t i n g B lo o d  c h o l a t e  l e v e l  (mg/lOOml)
g r a d e L e v e l 5 m in  
s p e c  imen
60 m in .  
s p e c i m e n .
No. o f  
c a s e s .
No. of  
n o r m a l  
r e s p o n s e s
A 1 . 4 8 3 . 1 7 3
B 2 . 7 11 4 . 6 13 1
0 1 . 8 8 . 3 4 . 7 6 '  1
D 2 . 8 8 . 7 4 . 2 3 0
A s i m i l a r  r e s p o n s e  was o b t a i n e d  i n  t h e  c a s e s  o f  o b s t r u c t i v e  
. j a u n d ic e  s t u d i e d .  T h e r e  was no  d i f f e r e n c e  i n  t h e  t y p e  o f  
c u r v e s  o b t a i n e d .
T a b l e  18 shows t h e  i n d i v i d u a l  r e s u l t s .  U r o b i l i n  i s  p r e s e n t  i n  t h e  
u r i n e  i n  Group  A> a n d  i n  3 o u t  o f  t h e s e  7 c a s e s , c h o l a t e s  a p p e a r e d  
i n  t h e  u r i n e  a f t e r  t h e  i n j e c t i o n .  U r o b i l i n u r i a  o c c u r s  i n  7 o u t  o f  
1 3  c a s e s  i n  Group B, w h i l e  c h o l a t e s  a r e  p r e s e n t  i n  10 c a s e s .  I n  
Group  C a nd  D a b s e n c e  o f  u r o b i l i n  i s  p a r a l l e l e d  b y  t h e  e x c r e t i o n  o f  
c h o l a t e s .
I n  Group G a n d  D, u r o b i l i n  i s  a b s e n t ,  a n d  c h o l a t e s  p r e s e n t ,  w i th  
one  e x c e p t i o n  i n  Group C. W i th  i n c r e a s i n g  h i s t o l o g i c a l  dam ag e ,  more
TABLE 18.
INTRAVENOUS CHOLIC ACID TOLERANCE IN ACUTE
HEPATITIS
Pt. Sex Diagnosis
Histo­
logical
grade.
Dura­
tion
of
Serum 
Bili­
rubin 
rag./ 
100 ml.
Blood cholates (rag./lOO ml. ) 
Mins, after injection.
Urinary
Cholates
Urinary
uro­
jaun­
dice.
(days)
Resting
level 5 60 120
bilin
B. (? Arseno-
therapy
jaundice
A 8 2 .5 1 .0 6 .0 2 .2 - 0 ++ve
G. S Infectious
hepatitis
A 8 0 .5 5 .0 6 .0 5 .1 - 23 ++ve
S. ( f H II ‘ A 9 5 .U 1 .0 7 .0 2 .3 - 33 ++ve
N. d' H » A 21 7 .7 k . 3 2 2 .0 6 .0 - 0 ++ve
Be. J M II A Not
Jaun­
diced
1 .0 1 .5 5 .0 1 .5 0 ++ve
M. H II A 2 1 .6 2 .0 6 .0 2 .5 - 5 ++ve
K. cT II II 8 7 .2 2 .0 5 .0 1 .9 - 0 ++ve
Mu. <? Arseno-
therapy
jaundice
B 10 6 .2 2 .5 7 .0 lu 9 - 80 -ve
T. 6 II II B Ih 1 2 .0 3 .3 9 .5 U . 3 5 .0 0 -ve
D . II II B h 3 .5 2 .5 8 .0 k . 9 - 26 -ve
L. H H B 15 6.11- 1 .5 1U .8 U .8 3 .0 31 -ve
De. II II B 22 7 .7 1 .5 1 7 .0 3 .8 2 .5 13 ++ve
R. II II B 9 1 .8 2 .5 1 3 .5 5 .5 . - 100 ++VE
O ’K
V.
cT
6
II
II
H
n
B
B
13
29
6 .5
7 .0
1 .5
2 .5
1 5 .0
1 0 .0
i;. 0 
U .8 3 .5
22
2k
-ve
++ve
TABLE 18 . 
(c o n t in u e d )
, P t . S ex D ia g n o s is
H is  t o —
l o g i c a l
g ra d e .
Dura­
t io n
o f
jaun­
d ic e .
[d a y s )
Serum
b i l i ­
ru b in
B lood
rains
c h o la t e s  (m g./lO O  m l. ) 
.  a f t e r  i n j e c t i o n .
U rin ary
cho­
l a t e s
U rin ary
uro­
b i l i nm g ./  
100 n i. R e s t in gl e v e l 5 60 120
Du. 6 A rsen o -
th e r a p y
ja u n d ic e
B 7 7 .8 1 .5 1 0 .0 2 .0 2 .0 0 ++ve
Ma. ? In fec tio u sh e p a t i t i s
B 10 1 4 .6 4 .8 1 0 .0 6 .4 - 0 ++ve
Gr
P.
W.
c?
6
«1 «»
M H 
It II
B
B
B
I k
3
2
8 .2
k . k
6 .3
3 .5
4 .0
3 .0
1 0 .0
6 .5
9 .0
5 .0
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c h o l a t e s  a r e  e x c r e t e d  i n  t h e  u r i n e  w h ic h  i s  t o  be e x p e c t e d .  
F i g s .  6, 7, 8 & 9 show t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e
l i v e r  i n  e a c h  g r a d e  o f  h e p a t i t i s  and  t h e  c o r r e s p o n d i n g  c h o l i c
a c i d  t o l e r a n c e  t e s t .
I n  7 a c u t e  c a s e s ,  t h e  c h o l i c  a c i d  t o l e r a n c e  t e s t  was' r e p e a t e d  
d u r i n g  t h e  c o u r s e  o f  "'hie h e p a t i t i s ,  u n t i l  c l i n i c a l  r e c o v e r y  
w i t h  a  se ru m  b i l i r u b i n  o f  l e s s  t h a n  Z rog/lOO ml.  had  o c c u r r e d .  
y  T a b l e  17 shows one su c h  c a s e ,  a  s e v e r e  a r s e n o t h e r o . p y  j a u n d i c e  
o f  10 d ays  d u r a t i o n .  F i g s .  9,  10 & 11 g i v e  t h e  
h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  l i v e r .
T a b l e  19. O h o l i c  a c i d  t o l e r a n c e  d u r i n g  h e d a t  i t i s  1 r e c o v  e r y
L i v e r  b i o p s y  
1
L i v e r  b i o p s y  
2
j j i v e r  b i o p s y  
3
D u r a t i o n  o f 10 22 35
j a u n d i c e  i n  days
Serum b i l i r u b i n 1 4 .6 14 2 . 6
m g/100  ml.
B lood  c h o l a t e s
mg/lOO ml.
1) r e s t i n g  l e v e l 4 . 8 .10 6 . 4
2) 5 m in .  s p e c i m e n 3 7 5 . 5
3) 60 m in .  s p e c im e n 1 . 0 10 1 . 0
B i l e  s a l t s  e x c r e t e d  i n 96 mg. 85 mg. 0
u r i n e  up t o  4 h o u r s  a f t e r
t h e  i n j e c t i o n .
B. SEOONDARY CARCINOKCA OF LIVER
T a b le  20 shows t h e  r e s u l t s  o f  c h o l i c  a c i d  t o l e r a n c e  i n  t h e  4 
c a s e s  s t u d i e d  : i n  2 c a s e s  t h e  t o l e r a n c e  was a b n o r io a l  and i n  oneI
of  t h e s e ,  c h o l a t e s  a p p e a r e d  i n  t h e  u r i n e .
>1Z
Group D. ACUTE HBPATITIS. 
H i s t o l o g i c a l  Grade A.
P ig .  6 .
m
%
In tr a v e n o u s  c h o l i c  a c id  t o le r a n c e .
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Group D. ACUTE HEPATITIS. 
Grade B.
1
i
P ig . 7.
I n tr a v e n o u s  c h o l i c  a c id  t o le r a n c e .
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Group D, ACUTE HEPATITIS. 
Grade C.
P ig .  8,
n
m
In tr a v e n o u s  c h o l i c  a c id  to le r a n c e ,
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1Group D. ACUTE HEPATITIS. 
Grade D.
P ig . 9.
In tr a v e n o u s  c h o l i c  a c id  t o le r a n c e .
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Group D. ACUTE HEPATITIS. 
L iver Biopsy 2.
P ig . 10.
f
'é'.7 >
M
# 0
In tr a v e n o u s  c h o l i c  a c id  t o le r a n c e .
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Group D. ACUra HEPATITIS. 
Recovered. L iver M opsy 3 .
P ig . 11.
I
m
m
In tr a v e n o u s  c h o l i c  a c id  t o le r a n c e .
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•Table 20. C h o l i c  A c id  t o l é r a n c e  i n  S e c o n d a r y  C arc inom a
o f  t h e  l i v e r .
P a t i e n t . Sex B i l i r u b i n  
n ig /100 ml
Bloo(
P
C h o l i c  a c i d  
i  b i l e  a c i d s  
5 '  60» 
og/lOO ml.
t  o le  r a n e e  
U r i n e  b i l e  a c i d s
T. P. 0 . 5 1 .5 5 . 0 2 . 0 -  ve
G. M. 1 . 2 3 . 0 6 . 7 4 . 0 10. 0
Gy M. 0 . 5 2 . 5 1 5 . 0 4 . 9 -  ve
A. P. 0 . 8 2 . 0 7 . 5 1 .5 -  ve
2 .  rlASiVlQLYTIC JAUIIDICa
I n  one c a s e  o f  t h e  5 i n v e s t i g a t e d  t h e  t o l e r a n c e  was a b n o m a l  
and  i n  t h a t  t h e  o r i g i n a l  r e s t i n g  l e v e l  was v e r y  low, w n i l e  
t h e  f i n a l  60 n i n .  f i g ’xre i s  w i t h i n  n o r .n a l  l i i i t s .  I n  none 
o f  v h 23 3 ca%es was t h e r e  any  c u t o u t  o f  b i l e  s a l t s  i n  t h e  
u r i n e  a f t e r  i n j e c t i o n .  T a o l e  21.
T a b l e . 21. The I n t r a v e n o u s  C h o l i c  A c id  t o l e r a n c e  t e s t  i n
Ha e mol. y t i c  J a u n d ic e
P a t i e n t . Sex B i l i r u b i n
/ lOO KwC
P. 5» 60» B i l e  a c i d s  i n  
u r i n e
L. . M. 2 . 2 3 . 0 1 1 .5 2 . 8 -  ve
S. P. 1 .9 3 . 0 6 . 0 2 . 5 -  ve
G. P. 1 .0 - 1 .2 -  ve
P. M. 3 . 2 0 . 8 7 . 0 2 . 0 -  ve
J . P. 2 . 9 1 . 0 7 . 5 1 . 5 ‘ -  ve
/ao
7.  D i s c u s s i on.
O th e r  w o r k e r s ,  T a b l e  IS , u s i n g  m e th o d s  s i m i l a r  t o  t h a t
d e s c r i b e d  h e r e ,  have  o b t a i n e d  c o m p a r a b le  r e s u l t s .  (G r e e n e ,
A l d r i c h  & R o w n t r e e ,  1 9 2 7 ) ,  ( J o s e p h s o n ,  1 9 3 5 ) .  C h o l a t e s  and
g l y c o -  and  t a u r o c h o l a t e s ,  a r e  e s t i m a t e d  by t h i s  m e tho d ,  b u t
n o t  d e o x y c h o l a t e s .  I t  i s ,  h o w e v e r ,  u n l i k e l y  t h a t  d e o x y c h o l i c
a c i d  occurs ,  i n  a p p r e c i a b l e  q u a n t i t i e s  i n  n o r m a l  b lood#
C h o l a t e  p r o d u c t i o n  by t h e  l i v e r ,  i s  p r o b a b l y  s t e a d y ,  a p a r t
ic\6
f ro m  a  s l i g h t  d e c r e a s e  a t  n i g h t  ( J o s e p h s o n )  1 9 4 1 ) .  L a rg e  and  
u n p h y s i o l o g i c a l  am oun ts  o f  b i l e  s a l t s ,  i n t o r d u c e d  i n t o  t h e  
i n t e s t i n e s  o f  e x p e r i m e n t a l  a n i m a l s ,  p r o d u c e d  o n l y  a  s l i g h tISO
r i s e  i n  b lo o d  c h o l a t e s  ( J o s e p h s o n  & R y d in ,  1 9 3 6 ) .  I t  i s ,
t h e r e f o r e ,  n o t  s u r p r i s i n g  t h a t  t h e r e  i s  no s y s t e m i c  r i s e  a s
b i l e  e n t e r s  t h e  i n t e s t i n e  d u r i n g  n o r m a l  d i g e s t i o n .
The s i t e  o f  f o r m a t i o n  o f  c h o l a t e s  h a s  b e e n  d i s p u t e d ;  a f t e r
c o m p l e t e  h e p a t e c t o m y  i n  d o g s ,  b i l e  s a l t s  w e re  n o t  p r e s e n t  i n
the.  b l o o d  o r  u r i n e ,  and  i n j e c t e d  c h o l a t e s  c o u l d  be q u a n t i t -
m
a t i v e l y  r e c o v e r e d  f r o m  t h e  u r i n e  ( B o l lm a n n ,  & Mann, 1936)
I n  c a t s  a n d  r a b b i t s ,  l i g a t i o n  o f  t h e  l i v e r  v e s s e l s  p r o d u c e s
a  f a l l  i n  b l o o d  c h o l a t e s  ( J o s e p h s o n  & R y d in ,  1 9 3 8 ) .  B o th
t h e s e  f i n d i n g s  s u g g e s t  t h e  h e p a t i c  f o r m a t i o n  o f  b i l e  s a l t s ,
b u t  S chm id t  & H u gh es ,  ( 1 9 4 4 ) ,  f a i l e d  t o  c o n f i r m  t h i s  i n v i t r o .
I n  e x p e r i m e n t a l  a n i m a l s ,  h e p a t i c  p o i s o n s  s u c h  a s  c h l o r o f o r m ,
o r  c a r b o n  t e t r a c h l o r i d e  i n h i b i t  b i l e ,  s a l t  f o r m a t i o n  ( S m i th ,  
ifi.
& tet tilpple, ( 1 9 3 0 ) ,  B o l lm a n u  & Mann. ( 1 9 3 6 ) .  I n  h e p a t i t i s  i n
i 51
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roan, t h e  b l o o d  o h o l a t e  l e v e l  i s  u s u a l l y  r a i s e d .  ( J o s e p h s o n ,
'2.24-
1939, T u r n e r ,  S u a v e l y ,  Grossmann,  B uchanan  & F o s t e r ,  1944)
T h i s  r i s e  was f o u n d  i n  t h e  s e r i e s  o f  50 c a s e s  o f  a c u t e  
h e p a t i t i s  r e p o r t e d  h e r e ,  b u t  t h e r e  was no f a l l  w i t h  
i n c r e a s i n g  s e v e r i t y  o f  t h e  d i s e a s e .  T hese  d i f f e r e n t  r e s u l t s  
i n  roan and e x p e r i m e n t a l  a n i m a l s  may be a s s o c i a t e d  w i t h  
d i f f e r e n c e s  i n  h e p a t i c  h i s t o l o g y .  I n  e x p e r i m e n t a l  l i v e r  
p o i s o n i n g ,  t h e  h e p a t i c  c e l l s  a r e  m os t  a f f e c t e d ,  t h e  i h t r a -  
h e p a t i c  t r e e  b e i n g  r e l a t i v e l y  i n t a c t .  I n  i n f e c t i v e  h e p a t i t i s  
t h e r e  i s  h e p a t i c  c e l l  n e c r o s i s ,  a n d  a l s o  d i s r u p t i o n  o f  t h e  
l i v e r  c e l l  c o lu m n s ,  v / i t h  t h e i r  a s s o c i a t e d  i n t e r c e l l u l a r  b i l e  
c a n a l i c u l i .  ( B i b l e ,  M cM ichae l  & S h e r l o c k ,  1 9 4 3 ) .  T h i s  may 
c a u s e  l e s s e n e d  c h o l a t e  p r o d u c t i o n  and  c h o l a t e  e x c r e t i o n  i s  
a l s o  o b s t r u c t e d .  The h i g h e s t  b l o o d  c h o l a t e  v a l u e s  i n  t h i s  
s e r i e s  w ere  f o u n d  when u r o b i l i n  was a b s e n t  f r a n  t h e  u r i n e ,  
and  t h e  s e r u m  b i l i r u b i n  was r i s i n g ,  w h ic h  s u p p o r t s  t h i s  
t h e o r y .  S e r i a l  l i v e r  b i o p s i e s  ha v e  shown t h e  v e r y  r a p i d  
r e c o v e r y  v /h ich  u s u a l l y  o c c u r s  i n  a c u t e  h a p a t i t i s .  The b i l e  
c h a n n e l s  a r e  q u i c k l y  r e s t o r e d ,  a n d  t h i s  c o i n c i d e s  w i t h  th e  
r a p i d  d e c r e a s e  o f  t h e  b l o o d  c h o l a t e s  t o  n o r m a l .
I n  c i r r h o s i s  t h e  b l o o d  c h o l a t e  c o n c e n t r a t i o n  i s  v e r y  v a r i a b l e .  
( J o s e p h s o n ,  1939;  R o w n t r e e ,  1 9 2 7 ) .  T h i s  may be a s s o c i a t e d  
w i t h  t h e  c o m p lex  h i s t o l o g i c a l  p i c t u r e .  The number o f  
f u n c t i o n i n g  l i v e r  c e l l s  i s  d i m i n i s h e d ,  w h ic h  d e c r e a s e s  
c h o l a t e  p r o d u c t i o n .  The v a s c u l a r  t r e e  i n  t h e  c i r r h o t i c
1 3 %
a.6-6
l i v e r  i s  a l s o  d i m i n i s h e d  (M olndoe ,  1 9 2 8 ) .  E x c r e t i o n  o f  t h e  
c h o l a t e s  w h ic h  a r e  p r o d u c e d ,  may be i m p a i r e d .  A l l  t h e s e  
f a c t o r s  and  p r o b a b l y  many o t h e r s  a f f e c t  t h e  b l o o d  c h o l a t e ®  
l e v e l  i n  c i r r h o s i s .
I n  o b s t r u c t i v e  j a u n d i c e  t h e  r i s e  i n  b l o o d  c h o l a t e s  i s  due t o
s i m p le  r e t e n t i o n .  P r o d u c t i o n  o f  b i l e  s a l t s  i s  n o r m a l ,  b u t
t h e i r  e x c r e t i o n  i s  p r e v e n t e d  by b i l i a r y  o b s t r u c t i o n .  The
l e v e l  i s  s a i d  t o  f a l l  i n  t h e  l a t e r  s t a g e s  o f  t h e  d i s e a s e ,
2M
(R o w n t r e e ,  G re e n e ,  & A l d r i c h ,  1 9 2 7 ) .  ( I r w i n ,  J o h n s t o n  & 
K o p a l a , ^ ^ 9 4 4 ) . T h i s  i s  u s u a l l y  a t t r i b u t e d  t o  d i m i n i s h i n g  
o u t p u t .  I n  t h e  l i v e r ,  % » .damage t o  t h e  h e p a t i c  p a ren ch ym a  
i n c r e a s e s  t h e  l o n g e r  t h e  o b s t r u c t i o n  l a s t s .  T h is  f a l l  i n  
b l o o d  c h o l a t e s  h a s  n o t  b e e n  fo u n d  i n  t h i s  s e r i e s .  R i s i n g  
v a l u e s  have  b e e n  r e c o r d e d  f o r  a s  l o n g  a s  t h r e e  m o n th s .
Probably o n l y  v e r y  s e v e r e  damage t o  t h e  h e p a t i c  p a ren chy m a  
w ould  be r e f l e c t e d  i n  t h e  b l o o d  c h o l a t e  l e v e l ,  and i n  many 
c a s e s  o f  o b s t r u c t i v e  j a u n d i c e  t h e  damage i s  n o t  g r e a t  enough .
I t  i s  n o t  s u r p r i s i n g  t h a t  i n  haemolÿÿ^ic  j a u n d i c e  
t h e  b l o o d  c h o l a t e  l e v e l  i s  norma-^ s i n c e  im p a i r m e n t  o f  l i v e r  
f u n c t i o n  i s  n e g l i g i b l e .  S i m i l a r l y ,  i n  m a l i g n a n t  h e p a t i c  
m é t a s t a s é s ,  t h e r e  i s  u s u a l l y  enough  i n t a c t  l i v e r  r e m a i n i n g  
t o  m a i n t a i n  a  n o r m a l  c h o l a t e  c o n c e n t r a t i o n  i n  t h e  b l o o d .
B lood  c h o l a t e  e s t i m a t i o n s  m ig h t  be e x p e c t e d  t o  
t h r o w  some l i g h t  on t h e  c o n d i t i o n  o f  t h e  l i v e r ,  s i n c e  c h o l a t e s
a r e  s u p p o s e d l y  o n l y  p r o d u c e d  by l i v e r  t i s s u e ,  w h e r e a s  b i l i r u b i n
/33
p h o s p h a t a s e  and  p r o t e i n  c a n  be fo rm e d  by o t h e r  t i s s u e s  a s  
w e l l .  The l e v e l  o f  t h e s e  s u b s t a n c e s  do n o t ,  i t  i s  t r u e ,  
c o r r e s p o n d  w i t h  t h e , b l o o d  c h o l a t e  v a l u e s ,  b u t  s m a l l  d e g r e e s  
o f  h e p a t i c  d y s f u n c t i o n  c a n n o t  be d e m o n s t r a t e d  by t h e  b i l e  s a l t  
l e v e l ,  w h ic h  i s  a n  i n s e n s i t i v e  i n d e x  o f  t h e  d e g r e e  o f  l i v e r  
damage.  The d i a g n o s t i c  a p p l i c a t i o n  o f  t h e  e s t i m a t i o n  i s  
a l s o  w o r t h l e s s ,  a s  t h e r e  i s  c o n s i d e r a b l e  o v e r l a p  b o t h  b e tw e e n  
t h e  v a l u e s  f o u n d  i n  c a s e s  os o b s t r u c t i v e  j a m d i c e  a n d  • 
h e p a t i t i s ,  and  a l s o  b e tw e e n  c a s e s  w i t h  l i v e r  damage and t h o s e  
w i t h o u t .
The i n t r a v e n o u s  C h o l i c  a c i d  t o l e r a n c e  t e s t .
S i n c e  c h o l a t e s  a r e  p r o b a b l y  o n l y  s y n t h e s i s e d  i n  t h e  l i v e r ,  
t h e  r e s p o n s e  t o  an  i n t r a v e n o u s  i n j e c t i o n  o f  s o d i u m . c h o l a t e  
m ig h t  r e a s o n a b l y  be e x p e c t e d  t o  be o f  u s e  a s  a  s e n s i t i v e  
l i v e r  f u n c t i o n  t e s t .  The i n t r a v e n o u s  G a l a c t o s e  t o l e r a n c e  
w i l l  o n l y  show g r o s s  l i v e r  damage, h i p p u r i c  a c i d  s y n t h e s i s  
i s  c o m p l i c a t e d  by r e n a l  c l e a r a n c e ,  and  dye r e t e n t i o n  c a n n o t  
be u s e d  i n  t h e  p r e s e n c e  o f  j a u n d i c e ,  so  i t  was h oped  t h a t  
i n t r a v e n o u s  c h o l i c  a c i d  t o l e r a n c e  would  p r o v e  o f  v a l u e  i n  
t h e  i n v e s t i g a t i o n  o f  l i v e r  d i s e a s e .
The r a p i d  e l i m i n a t i o n  o f  i n j e c t e d  b i l e  s a l t s  i n  h e a l t h y  
a n i m a l s  and  man h a s  b e e n  known f o r  many y e a r s .  ( S n e l l ,  G reen  
& R o w n t r e e ,  1927;  B o l lm a n n  & Mann, 1936;  C h a b r o l ,  C o t t e t  &
1 8 7  (41 2 .3 5 -
S a l l e t ,  1936;  L ie h tm a n n ,  1936;  S c h m id t ,  1 9 3 7 ) .  An i n j e c t i o n  
o f  250 mg. c h o l i c  a c i d  i n  n o r m a l  c a t s  and  r a b b i t s  p r o d u c e d
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an  i n c r e a s e  i n  t h e  b lood  c h o l a t e s ,  4 m i n u t e s  a f t e r  t h e  
i n j e c t i o n ,  o f  o n l y  6 - 2 0  mg. / 1 0 0  ml.  I f  t h e  i n j e c t e d  
c h o l a t e s  had  s i m p l y  b e e n  d i l u t e d  w i t h  t h e  a n i m a l e s  b l o o d ,  
t h e  i n c r e a s e  would  ha ve  b e e n  a b o u t  100 mg/lOO ml.  S i m i l a r  
r e s u l t s  w e re  o b t a i n e d  i n  man. ( J o s e p h s o n  & la r r so n ,  1939;
3LS5
J o s e p h s o n ,  1939) 5 m i n u t e s  a f t e r  t h e  i n j e c t i o n  o f  1 . 0  gm.
c h o l i c  a c i d ,  t h e  b l o o d  c h o l a t e s  had r i s e n  f r o m  2 o r  3 mg/lOO fi
t o  5 o r  6 m g /100 m l.  I f  s i m p l e  d i l u t i o n  had  o c c u r r e d ,  t h e
c o r r e s p o n d i n g  f i g u r e  would  have  b e e n  22 mg/lOO m l.  . I n  h a l f
a n  h o u r  t h e  p r e - i n j e c t i o n  l e v e l  had  b e e n  r e a c h e d .  T h i s
r a p i d  r e m o v a l  o f  c h o l a t e s  f r o m  t h e  b l o o d  c o u l d  n o t  be
e n t i r e l y  due  t o  t h e  l i v e r ,  s i n c e  i f  t h e  l i v e r  vessels! ,  w ere
l i g a t e d ,  t h e  c o n c e n t r a t i o n  5 m i n u t e s  a f t e r  t h e  i n j e c t i o n  was
s t i l l  o n l y  2 / 3  o f  what  m ig h t  have  b e e n  e x p e c t e d ,  had  s i m p l e
d i l u t i o n  o c c u r r e d  ( J o s e p h s o n ,  J u n g n e r  & R y d in ,  1 9 3 8 ) .  As
s u g g e s t e d  e x p l a n a t i o n  f o r  t h i s  was d i f f u s i o n  o f  t h e  b i l e  s a l t s
i n t o  t h e  t i s s u e s  and  f i x a t i o n  t h e r e .  C h a b r o l ,  C o t t e t ,  & 
isy
S a l l e t  11936) fo u n d  a  f i x a t i o n  o f  t h i s  k i n d  w i t h  m u s c l e  t i s s u e .  
However ,  t h i s  m e c h an ism  c a n n o t  be  p r e s e n t  i n  j a u n d i c e ,  s i n c e  
i n  c a t s  w i t h  e x p e r i m e n t a l  o b s t r u c t i v e  j a u n d i c e  t h e r e  was no 
d i s a p p e a r a n c e  o f  i n j e c t e d  c h o l a t e s  a t  a l l ,  a n d  s i m p l e  
d i l u t i o n  had  o c c u r r e d .
In  p a t i e n t s  and  a n i m a l s  w i t h  b i l e  f i s t u l a e  t h e  l i v e r  a l m o s t  
q u a n t i t a t i v e l y  e x c r e t e s  b i l e  s a l t s  f r o m  t h e  b l o o d  ( J o s e p h s o n ,
& Lawson, 1 9 3 9 ) .  I f ,  h o w e v e r ,  b i l e  s a l t s  a r e  i h j e c t e d
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d i r e c t l y  i n t o  t h e  p o r t a l  v e i n  i n  r a b b i t s ,  t h e  b l o o d  c h o l a t e s  
r e m a i n  h i g h  f o r  some t i m e ;  t h e  l i v e r  u n d e r  t h e s e  c o n d i t i o n s  
seems u n a b l e  t o  e x c r e t e  t h e  c h o l a t e s .  J o s e u h s o n , . J u n g n e r  
& R y d in  (1938)  s u g g e s t e d  t h a t  s u c h  a  l a r g e  l o c a l  
c o n c e n t r a t i o n  o f  b i l e  s a l t s  m ig h t  have  a  p a r a l y s i n g  e f f e c t  
on t h e  l i v e r .  T h i s  e f f e c t  was n o t  f o u n d  i n  c a t s .  I n  
l i v e r  d i s e a s e ,  h i g h t  c h o l a t e  c o n c e n t r a t i o n s  a r e  fo u n d  a f t e r  
a  b i l e  s a l t  i n j e c t i o n ,  and  t h e  s u b s e q u e n t  p a t h  o f  
e l i m i n a t i o n  i s  n o t  a l t o g e t h e r  c l e a r .
IS?
C h a b r o l ,  C o t t e t  & S a l l e t  (1 9 36 )  r e g a r d e d  t h e  l i v e r  i n  
j a u n d i c e d  a n i m a l s  a s  c a p a b l e  o f  f i x i n g  and  s t o r i n g  c h o l a t e s  
t o  a n  a b n o r m a l  d e g r e e ,  w h i l e  any  surplus was e x c r e t e d  by t h e
Z2.
k i d n e y s .  J u n g n e r ,  R y d in  & J o s e p h s o n  (1 9 3 8 )  c l a i m e d  t h a t  
i n  o b s t r u c t i v e  j a u n d i c e  b i l e  s a l t s  a r e  a b s o r b e d  by t h e  l i i  e r ,  
and  t h e n  e n t e r  t h e  h e p a t o - b i l i o - l y m p h a t i c  c i r c u l a t i o n ,  t h u s  
d i s a p p e a r i n g  q u i c k l y  f r o m  t h e  b l o o d  a s  t h e  l i v e r  c e l l s  a r e
C\t€,
damaged and  c a n n o t  a b s o r b  them ,  an d  t h e  v e s s e l  w a l l s  a l r e a d y
A
l o a d e d  w i t h  b i l e  s a l t s .
The e l i m i n a t i o n  o f  i n j e c t e d  c h o l a t e s  w as ,  t h e r e f o r e ,  u s e d  a s
15b
a  l i v e r  f u n c t i o n  t e s t  by J o s e p h s o n ,  J u n g n e r  & R y d in  ( 1 9 3 6 ) .
I n  a n i m a l s  w i t h  e x p e r i m e n t a l  j a u n d i c e  o f  d i f f e r e n t  k i n d s  t h e y  
f o u n d  r a p i d  d i s a p p e a r a n c e  o f  t h e  i n j e c t e d  c h o l a t e s  i n  
o b s t r u c t i v e  j a u n d i c e ,  and  h i g h  b l o o d  l e v e l s  f o r  some t i m e  a f t e r  
t h e  i n j e c t i o n  i n  h e p a t i t i s .  I n  man, J o s e p h s o n  (1 9 39 )  fo u n d  
t h e  same d i f f e r e n t i a t i o n  b e tw e e n  t h e  two k i n d s  o f  l i v e r
d i s e a s e .  I n  t h i s  s e r i e s ,  t h e r e  was no  d i f f e r e n c e  i n  t h e
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t y p e  o f  r e s p o n s e  g i v e n  i n  o b s t r u c t i v e  j a u n d i c e  and a c u t e  
h e p a t i t i s .  (Graph 17.^ H ig h ,  t h o u g h  v a r i a b l e  b lo o d  c h o l a t e  
l e v e l s  w e re  f o a W i  5 m i n u t e s  a f t e r  t h e  i n j e c t i o n  and  t h e  
b l o o d  c h o l a t e s  w ere  s t i l l  r a i s e d  6Ô m i n u t e s  l a t e r ,  and  i n  
some c a s e s  120 m i n u t e s  l a t e r .  T h i s  was s o  i n  a l l  t h e  c a s e s  
o f  o b s t r u c t i v e  j a u n d i c e  i n v e s t i g a t e d .  I n  t h e s e  c a s e s  t h e r e  
was a  c o n s i d e r a b l e  amount  o f  l i v e r  d am ag e , w h ic h  may a c c o u n t  
f o r  t h i s  f i n d i n g .  I n  b o t h  o b s t r u c t i v e  j a u n d i c e  and  a c u t e  
h e p a t i t i s ,  c h o l a t e s  w ere  e l i m i n a t e d  i n  t h e  u r i n e  a f t e r  t h e  
i n j e c t i o n ,  i n  many c a s e s ,  up t o  t h r e e  h o u r s  a f t e r w a r d s .
T here  was,  hov/ever ,  no d i f f e r e n c e  i n  t h e  amount e x c r e t e d  i n  
t h e  two c o n d i t i o n s .  U r i n a r y  e x c r e t i o n  was v e r y  v a r i a b l e ,  
b u t  a s  a  r u l e  50 -  100 mg. o f  c h o l a t e s  w e re  f o u n d  i n  t h e  
t o t a l  u r i n e  p r o d u c e d  d u r i n g  t h e  t h r e e  h o u r s  a f t e r  i n j e c t i o n .  
I n t r a v e n o u s  c h o l i c  a c i d  t o l e r a n c e  w i l l  n o t  d i f f e r e n t i a t e  
t h e  t y p e s  o f  l i v e r  d i s e a s e  and  t h e  c h o l a t e  e s t i m a t i o n s  a r e  
t i m e - c o n s u m i n g  and  u n s u i t a b l e  f o r  r o u t i n e  c l i n i c a l  v/orh.
S i m p l e r  p r o c e d u r e s  h a v e  p r o v e d  t o  h e  o f  g r e a t e r  v a l u e .  The 
r a i s e d  se ru m  p h o s p h a t a s e  i n  o b s t r u c t i v e  j a u n d i c e  c a n  he u s e d  , 
a s  a  d i a g n o s t i c  a i d .  I f  30 U/lOO m l.  i s  t a k e n  a s  an a r b i t r a r y  
f i g u r e ,  m o s t  c a s e s  o f  o b s t r u c t i v e  j a u n d i c e  h a v e  h i g h e r  l e v e l s ,  
andin m o s t  c a s e s  o f  c i r r h o s i s  and  h e p a t i t i s  t h e  v a l u e s  a r e  l o w e r .
A se ru m  c h o l e s t e r o l  o f  more t h a n  300 m g . / lO O  m l .  i s  n o t  u s u a l l y  
f o u n d  e x c e p t  i n  o b s t r u c t i o n  o f  t h e  common b i l e  d u c t .  D i f f e r e n t i a l  
se rum  p r o t e i n  e s t i m a t i o n s  g i v e  some i d e a  o f  t h e  s e v e r i t y  a n d
'3 l
a n d  p r o g n o s i s  o f  a c u t e  and  c h r o n i c  p a r e n c h y m a t o u s  l i v e r  d i s e a s e .  
T o t a l  se rum  p r o t e i n  e s t i m a t i o n s  a r e  o f  l i t t l e  p r a c t i c a l  u s e .
I n  c o n c l u s i o n ,  i t  a p p e a r s ^ a s  much p r a c t i c a l  d i a g n o s t i c  
i n f o r m a t i o n  can  h e  o b t a i n e d  f r o m  a s i n g l e  v e n o u s  b l o o d  s a m p le ,  
u s e d  f o r  t h e  e s t i m a t i o n  o f  th e  serum b i l i r u b i n  a n d  t h e  se rum  
a l k a l i n e  p h o s p h a t a s e ,  a s  f r o m  an y  o f  t h e  more c o m p l i c a t e d  l i v e r  
f u n c t i o n  t e s t s .
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S U M t l A R Y .
1. The mean b l o o d  c h o l a t e  l e v e l  i n  50 n o r m a l  s u b j e c t s  was 1 . 6  
m g . / l o o  m l.
2. T h e re  was l i t t l e  d i u r n a l  v a r i a t i o n  i n  t h e  b l o o d  c h o l a t e  l e v e l .  
D u r i n g  a  p e r i o d  o f  s e v e r a l  weeks  t h e  l e v e l  f l u c t u a t e d  w i t h i n  
n o r m a l  l i m i t s .
3 .  I n  17 c a s e s  o f  o b s t r u c t i v e  j a u n d i c e ,  t h e  mean b l o o d  c h o l a t e  
l e v e l  Was 3*7 m g . / IC O  m l .  The h i g h e s t  v a l u e s  w ere  f o u n d  i n  t h i s  
g r o u p .  When t h e  o b s t r u c t i o n  i s  r e l i e v e d  b y  o p e r a t i o n ,  a con­
s i d e r a b l e  f a l l  o c c u r s  i n  t h e  b l o o d  c h o l a t e  l e v e l .
1+. I n  18 c a s e s  o f  c i r r h o s i s ,  t h e  mean b l o o d  c h o l a t e  l e v e l  was 1 . 6
rag ./loo  ml.
5» I n  50 C a s e s  o f  a c u t e  h e p a t i t i s ,  t h e  mean b l o o d  c h o l a t e  l e v e l  was
2 .8  m g . / l o o  m l.  T h e re  i s  c o n s i d e r a b l e  o v e r l a p  b e tw e e n  t h e  
v a l u e s  f o u n d  i n  t h i s  g r o u p  a n d  i n  o b s t r u c t i v e  j a u n d i c e .
6 .  C h o l i c  a c i d  t o l e r a n c e ,  i n t r a v e n o u s  G a l a c t o s e  t o l e r a n c e ,  and  
H i p p u r i c  a c i d  s y n t h e s i s  a r e  a l l  i m p a i r e d  i n  t h e  more s e v e r e  
g r a d e s  o f  h e p a t i t i s ,  a n d  i n  o b s t r u c t i v e  j a u n d i c e .  No c o n s t a n t  
b i o c h e m i c a l  a b n o r m a l i t i e s  a r e  f o u n d  i n  l a t e n t  c i r r h o s i s ,  b u t  i n  
a c t i v e  c i r r h o s i s ,  l i v e r  d y s f u n c t i o n  i s  shown b y  a l l  t h e  m e th o d s  
u s e d .  Serum b i l i r u b i n  and  serum a l k a l i n e  p h o s p h a t a s e  e s t i m a t i o n s  
a r e  o f  t h e  m o s t  d i a g n o s t i c  v a l u e .
7.  In  n o r m a l  s u b j e c t s ,  an  i n t r a v e n o u s  i n j e c t i o n  o f  1 . 0  g.  so d ium  
c h o l a t e ,  r a i s e s  t h e  b l o o d  c h o l a t e  l e v e l  t o  5 - 6  m g . / lO O  m l.  5
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m in s .  a f t e r  t h e  i n j e c t i o n .  The b l o o d s t r e a m  i s  c l e a r e d  o f  
c h o l a t e s  i n  1+5 m in s .  No c h o l a t e s  a p p e a r e d  i n  t h e  u r i n e  a f t e r  
t h e  i n j e c t i o n .
8 . I n  1 6  ' c a s e s  o f  o b s t r u c t i v e  j a u n d i c e  t h e  b l o o d  c h o l a t e  l e v e l  a t  
6 0  r a in s ,  was 2 - 3  mg. h i g h e r  t h a n  t h e  i n i t i a l  l e v e l .  I n  5 c a s e s  
a b l o o d  sam ple  was t a k e n  2  h o u r s  a f t e r  t h e  i n j e c t i o n ,  and  i n  
e a c h  o f  t h e s e  t h e  v a lu e  was s t i l l  r a i s e d .  B i l e  s a l t s  a p p e a r e d  
i n  t h e  u r i n e  i n  1 3  o u t  o f  I 6  c a s e s .
9 . The b i l e  a c i d  l e v e l  6 0  r a in s ,  a f t e r  t h e  i n j e c t i o n ,  was n o t  
s i g n i f i c a n t l y  r a i s e d  i n  5 o u t  o f  t h e  13 c a s e s  o f  c i r r h o s i s .
B i l e  a c i d s  a p p e a r e d  i n  t h e  u r i n e  i n  o n l y  2 c a s e s .  U r o b i l i n u r i a  
was p r e s e n t  i n  e v e r y  c a s e .
10.  T h e r e  was no d i f f e r e n c e  i n  t h e  t y p e  o f  c u r v e  o b t a i n e d  i n  r e s ­
p o n s e  t o  t h e  i n j e c t i o n ,  i n  o b s t r u c t i v e  j a u n d i c e  a n d  a c u t e  
h e p a t i t i s .  U r o b i l i n u r i a  i s  a b s e n t m t h e  more  s e v e r e  g r a d e s  o f  
h e p a t i t i s ,  a n d  i n  t h e s e  c a s e s ,  c h o l a t e s  a p p e a r e d  i n  t h e  u r i n e  
a f t e r  t h e  i n j e c t i o n .
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The Estimation of Small Amounts of Glycogen in Tissue. By V. M. W alshe
The tissue is placed in a weighed tube containing 2 ml. 30 % KOH (Good, Kramer & 
Somogyi, 1933). The tube is weighed again, and warmed on a water-bath until the tissue 
dissolves. 2 ml. 95 % ethanol are added, and the tube immersed in boiling water until 
the ethanol boils.' The precipitate is centrifuged hard for 10 min. and well drained. 
2 ml. 50 % ethanol are added and the precipitate dispersed with shaking and tapping. 
Centrifugation and washing with 50% ethanol are repeated until the supernatant is 
no longer alkaline to phenolphthalein (Davies & Francis, 1941). The last traces of ethanol 
are removed by warming arid the precipitate is dissolved in 2 ml. 0 6 N-perchloric acid, 
and hydrolyzed for 2-| hr. on a water-bath. .
All glass apparatus should be used such as centrifuge tubes with ground-glass stoppers 
to which air condensers are fused. (7 x in.) soft glass test-tubes are satisfactory, if, 
after the perchloric acid has been added, they are drawn out in a flame to make an 
air condenser.
The perchloric acid is neutralized with 2 ml. 0-6 n-KOH (accurately standardized 
against the acid used for the hydrolysis), and the white crystalline precipitate of 
potassium perchlorate spun down. Samples of the supernatant are used for glucose 
estimations, by the method of Haslewood & Strookman (1939).' '
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alone. The inhibition produced by Cu+ is not increased by the addition of ascorbic acid.
(c) Other reducing substances containing a dienol group and capable of reducing 
Cu++ -> Cu+, e.g. hydroxytetronic, reductic and dihydroxymaleic acids, resemble ascorbic 
acid in their power to inactivate urease in the presence of Cu.
(d) Urease inactivated either by Cu++ plus ascorbic acid or by Cu+ alone may be 
reactivated by HgS, or by cysteine. *
Dehydroascorbic acid does not inhibit urease, even in the presence of Cu. 2, 3-Diketo- 
gulonic acid (produced by mutarotation when solutions of dehydroascorbic acid are left 
standing) inhibits only in the presence of Cu, but to a less extent than does ascorbic acid.
Of the metallic salts tested, Cu++ and Au+++ alone had their toxicity increased by 
the addition of ascorbic acid. With Hg++ salts the toxicity was reduced by ascorbic acid.
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Relation between Glycolysis and Tissue Integrity in Gastric Mucosa. By C. Lutwak- 
Mann and A. M. B a r re tt
The glycolysis of the gastric mucosa (rat) was studied manometrically and chemically 
using complete transverse sections (10-15 mg. dry weight) of the stomach usually in 
the region of the cardiac glands. This technique was adopted because if the mucosa was 
separated from the rest of the wall it rapidly disintegrated, with loss of protein into 
surrounding saline and a fall in enzymic activity; stomach wall devoid of mucosa was
Reprinted from  T h e  L a n c e t , Oct, 5, 1946, p, 482
THE POST-HEPATITIS SYNDROME
S h e il a  S h e r l o c k , m .d . Edin., m .r .C.p .
B E IT  M EM O RIAE R E SE A R C H  FELLO W
VERY AN W a l s h e ,* B .S c. Lend.
From the Department of M edicine, B ritish  Postgraduate M edical
School, London
Caravati (1944) has described cases of persistent 
disability following postvaccinial (yeUow fever) hepatitis 
and has designated the condition the “ post-hepatitis 
syndrome.”
Benjamin and Hoyt (1945) report a similar series, and 
during the past two years we have studied a group of 
soldiers in whom symptoms and usually an enlarged 
liver have remained after clinical recovery from acute 
hepatitis. Besides studying the clinical features and 
making biochemical investigations, we have used the 
aspiration technique of liver biopsy to study hepatic 
histology. At the present time, when so many men 
who have had hepatitis are returning to civilian life, it 
seems important to report the findings.
Our 20 patients were soldiers of the British, Canadian, 
and Czechoslovak Armies. All were grade A before 
contracting acute hepatitis. In 18 the hepatitis was 
of the simple “ infective ” type ; in 2 it had followed 
arsenotherapy for syphilis.
The laboratory methods used were the estimation  
of serum-bilirubin, cholesterol, alkaline phosphatase 
(King and Armstrong 1934), and total and differential 
serum proteins. The colloidal-gold reaction (Maclagan 
1944), the bromsulphthalein test with a 5 mg./kg. dose 
and taking 5-min. and 30-min. samples (Helm and 
Machella 1942), and the intravenous hippuric-acid test 
(Sherlock 1946a) were also used. Routine urine examina­
tion included urobilinogen by Ehrlich’s aldehyde reagent, 
and bilirubin by Hunter’s test (Pollock 1945).
* In receipt of a maintenance grant from the Medical Research 
Council, who have also defrayed the expenses of this investi­
gation.
Aspiration liver biopsy was performed by the method  
previously described (Sherlock 1945).
FEATURES OF THE DISORDER
The presenting features were as follows :
No. of cases No. of cases
F atigue . . . . 18 Fat-tolerance . . 6
W eight-loss . .  . .  11 R elapse o f h ep a tit is . . 8
A norexia . . . . 12 Palpable liver . . 16
A bdom inal discom fort 10 Palpable spleen . .  3
Preceding Hepatitis and Relapses.— Of the 20 patients 
6 had had more than one acute attack of hepatitis ; 1 
patient was said to have had six. The last acute episode 
took place 2-24 months previously.
Syynptoms.— The usual complaint was lack of energy 
and exhaustion on minimal exertion. Inability to  
regain the weight lost during the acute attack was 
common. Gastro-intestinal sym ptom s were prominent ; 
some patients had a poor and variable apjietite, with  
sometimes an aversion to fatty  foods. The men were very 
faddy about their diet. Right upper abdominal discomfort, 
often aggravated by exertion, was occasionally present.
Consumption of Alcohol.— Of the 20 patients 10 con­
fessed to excessive alcohol intake, 6 took moderate 
amounts, and 4 were almost teetotal.
Mental State.— A detailed psychiatric exam ination  
was not attem pted. The British patients were on the  
whole psychologically ill-balanced. They were extrem ely  
introspective and unduly apprehensive about their 
livers. One was an Army deserter, another had just 
been invalided from the Services w ith “ effort syndrome.” 
The Canadian group showed better understanding of their 
sym ptom s. All, however, had been warded together, 
and a similarity in the wording of their case-histories 
was often noticed. Moreover, they were in hospital at 
the end of European hostilities, when there was delay in 
repatriation to Canada, and it was believed that sick men 
would receive priority.
General Examination.— Despite the complaint of 
weight-loss, the general developm ent of the group was 
excellent. Spider angiomata were not seen.
Hepatomegaly.— The most common positive finding 
was hepatom egaly. The liver edge, smooth and rubbery
in consistence, could be felt on inspiration 2-7 cm. below  
the right costal margin in the nipple line. Tenderness 
was not present. Liver tenderness on fist percussion over 
the right lower ribs (Barker et al. 1945) was not elicited.
Splenomegaly.— In 3 patients the spleen could just be 
palpated under the left costal margin.
Urine Analysis.— This was usually normal, but 5 
patients showed a trace of urobilinogen in an early 
morning specimen of urine. Hunter’s test for bilirubin 
was consistently negative.
Biochemical Investigations.— In every patient the 
serum -bilirubin, the total and differential serum proteins, 
and the bromsulphthalein test were normal. The serum- 
cholesterol level was high in 7 cases ; in 3 of these it was 
greater than 300 mg. per 100 ml. Slight changes among 
the other estimations were a serum-phosphatase of 14 
units per 100 ml. in one patient, a weakly positive colloidal- 
gold reaction in two patients, and in a further two cases 
the excretion of hippuric acid was at the lower limit 
of normal (0*7 g. as sodium benzoate). The biochemical 
observations on the whole, therefore, gave essentially 
normal results. Caravati (1944) found a low fasting 
blood-sugar level and flat oral glucose-tolerance curves 
in some of his patients. Glucose-tolerance tests were 
performed in 5 of our subjects and gave normal results.
Hepatic Histology.— There was no evidence of con­
tinuing hepatitis or of cirrhosis. The lobular pattern was 
not disturbed. The hepatic cells were usually normal and 
contained their normal complement of glycogen. In 
2 instances the glycogen was slightly deficient, and in 
another there was patchiness of glycogen. Iron was 
absent both from the Kupffer and the hepatic cells. In 
one patient who had previously had malaria, there was 
iron in both situations. In ten sections some excess 
of fat was seen in the liver-cells. It usually took the 
form of scattered fine droplets evenly distributed through 
the lobules. In another case the fat was peripheral. 
SHght fatty change was the only abnormality encountered 
with any frequency. The Kupffer cells were normal. 
In 3 patients, aU within three months of the initial attack  
of hepatitis, excess of fibrous tissue was seen in the portal 
tracts. The picture here resembled residual portal 
scarring following hepatitis (Dible et al. 1943).
mm
Fig. I— N o rm a l  hepa tic  s t r u c tu r e .  Case 1. B es t 's  c a rm in e  s ta in . ( X  120.)
ILLUSTRATIVE CASE-RECORDS
C ase 1.— A  B ritish  officer, aged 31, w as fit until October, 
1943, when he had in fective  h ep atitis  in  L ibya. H e w as  
jaundiced three m onths and lost tw o stone in w eight. H e  
w as invalided hom e in  April, 1944. Since the h ep atitis  he  
had had persistent right upper abdom inal discom fort, m ade 
worse by  exercise. F a tty  foods caused nausea and flatulence. 
A ppetite  w as variable. There w as exhaustion  on w alldng only  
h alf a m ile, and som e dyspnoea on exertion. In  October, 1944, 
he w as again sligh tly  jaundiced and in bed  a w eek. H e w as 
a m oderate drinker o f  alcohol.
On exam ination (March 10, 1945) he w as a tall well-developed  
m an, not jaundiced. The sm ooth  rounded liver edge could  
be palpated 6 cm . below the right costal m argin. Tender­
ness w as n ot present. The spleen w as n ot felt. U rine  
analysis w as norm al. The biochem ical investigation s were 
norm al. A spiration liver-biopsy sections show ed normal 
liver h istology (fig. 1).
This p atien t w as extrem ely in trospective and worried about 
his health . H e had had advice from  m any doctors, both  
A rm y and private, before the present investigation . E ven  
w hen he w as to ld  th a t h is liver w as norm al the sym ptom s  
persisted.
C ase 2.— A  Canadian n .c .o ., aged 31, had had in fective  
h epatitis a t 16 years o f  age, w hen he w as jaundiced a m onth . 
In  Septem ber, 1944, in Ita ly , w hile having arsenotherapy
for syphilis, he again becam e jaundiced for three weeks. The 
sym ptom s were those o f acute hepatitis.
Since then he had com plained o f lack o f energy and 
dyspnoea on exertion. The appetite was poor and there was 
m uch heartburn and gastric flatulence. During the jaundice 
the patient lost a stone in w eight ; th is had not been regained. 
In May, 1945, there was a further attack o f hepatitis ; jaundice 
lasted about a week. The sym ptom s persisted. Cholecysto- 
grams were normal. Patient drank a lot o f beer, usually  
six  pints a night, w ith  extra beer and spirits at the week­
end ; th is had continued to the date o f th is investigation  
(July, 1945).
On exam ination he looked well. H e was not underweight. 
The liver was palpable 4 cm . below the right costal margin. 
The spleen was not felt. Urine analysis w as normal. The 
only abnormal biochem ical finding was a serum-cholesterol 
level o f 309 m g./100 ml.
Aspiration liver-biopsy sections showed a slight excess 
o f fat w ithin the hepatic cells a t the periphery o f the lobules ; 
the portal tracts contained a little  excess fibrous tissue and 
showed som e round-celled infiltration (fig. 2).
The repeated attacks o f jam idice had m ade both the  
patient and his m edical advisers suspect perm anent liver
m .
3
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Fig. 2—To left of th e  figure a  p o r ta l  t r a c t  shows increased fibrous 
tissue  and is in h l t ra te d  w ith  m ononuclear  cells ; a t  the  pe riphery  
of th e  lobule th e  hepa tic  cells show slight fa t ty  change. Case 2, 
B est 's  c a rm in e  sta in . ( X  120.)
6dam age. W hen th e present investigation  show ed th is not 
to be the ease he w as m uch relieved and becam e sym ptom - 
free.
DISCUSSION
In the group studied there is no causal relationship 
between the slight biochemical and the hepatic h isto­
logical changes and the sym ptom s. Similar findings have 
been observed in patients now symptom-free but within  
six months of clinical recovery from acute hepatitis. 
In 10 of 15 such subjects the liver was still palpable. 
Hepatic sections usually showed portal-tract scars, and 
in 7 excess fat was present in the liver-cells. A raised  
serum-cholesterol level is also sometimes found during 
recovery from hepatitis (Sherlock 1946b). Benjamin and 
H oyt (1945) believe that the sym ptom s m ay have a 
psychotic basis ; the psychoneurotic patterns observed 
in our patients were very similar to those recorded by 
these authors. Acute hepatitis is nearly always an 
unpleasant experience. It usually lasts a minimum of 
3-4  weeks. Convalescence is slow. If the illness relapses, 
as it did in many of this group, fear m ay arise of further 
attacks and of permanent liver damage. This is accentu­
ated if a number of men are warded together and 
repeatedly examined with a view to determining liver 
size. The condition has not been seen in civilian patients. 
It is commoner in those serving overseas. Some men feel 
the disease may provide an opportunity for repatriation. 
In the type of person affected the condition is som e­
what analogous to “ effort syndrome,” with sym ptom s 
focused on the liver and gastro-intestinal tract rather 
than the heart.
The hepatom egaly may in some instances be related 
to the histological picture of fa tty  change and residual 
portal-tract scarring. A more likely cause is the down­
ward displacement of a normal-sized liver by the dia­
phragm. Some patients, w ith practice, become very 
efficient at “ pushing down the liver.” On inspiration 
the lower liver edge has been observed to m ove down 
6 cm. in one of these patients ; an impalpable liver is 
thus easily felt. Similar considerations apply to the spleen. 
Moreover, a palpable liver, usually but not constantly due 
to downward displacement, is not uncommon in normal 
subjects. On ten occasions such a liver has been 
subjected to aspiration biopsy with entir ely normal results.
The importance of the syndrome is in its distinction 
from the serions organic sequelæ known rarely to occur 
after hepatitis (Krarup and Roholm 1941, Dible et al. 
1943, Rennie 1945). We have studied 6 patients in whom  
cirrhosis could be related to a preceding acute hepatitis : 
1 showed hepatomegaly, splenomegaly, and abnormal 
results for aU the biochemical methods used ; 2 were 
symptom-free and presented only hepatomegaly ; the 
remaining 3 had clinical features and biochemical findings 
identical with the series now reported. Clinical and 
laboratory findings cannot constantly distinguish organic 
from possibly psychogenic sequelæ ; but a definite 
conclusion can usually be reached after study of aspiration 
liver-biopsy sections. The importance of this method is 
emphasised. All the patients volunteered for this 
procedure and usually derived great benefit from the 
reassurance possible when results were known.
This sequel of hepatitis may be prevented if patients 
with the same condition are not herded together. Patients 
apparently recovering normally should not be examined 
too often. The condition is unlikely to occur with any 
frequency in civilians. Treatment consists in reassurance 
after the fullest possible investigation.
SUMMARY
In 20 patients fatigue and gastro-intestinal symptoms 
arose, usually with hepatomegaly, after acute hepatitis.
Serum -bilirubin, phosphatase, and differential protein 
estimations, the colloidal-gold reaction, the intravenous 
hippuric-acid test, and the bromsulphthalein test showed 
no abnormalities. There was an occasional rise in serum- 
cholesterol level.
Hepatic sections obtained by aspiration biopsy were 
usually normal. In some sections slight fatty  change in 
the liver-cells and occasional scarring in the portal tracts 
could be seen.
No difference was found between these results and those 
obtained in subjects who had recovered from acute 
hepatitis and were now symptom-free.
The possible psychogenic basis of the symptoms is 
discussed.
The palpable liver seems due to downward displace­
ment of the liver edge rather than to enlargement.
8The value of aspiration liver biopsy in the diagnosis 
of this syndrome from post-hepatitis cirrhosis is 
emphasised.
W e are indebted to Major-General A. G. B iggam , and  
Lieut.-C olonels W . R . M. Drew and W. H . H argreaves, o f  the  
R .A.M .C., and Brigadier Palm er and Major B . N . Fahni, o f  the  
R.C.A.M .C., for m any o f  th e cases studied  ; to Mr. E . V. 
W illm ott for the photom icrographs ; and to Mr. D. B u ll for the  
histological preparations.
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TH E u s e  OF A PORTAL A N A STO M O TIC  V E IN  FOR  
ABSO R PTIO N  ST U D IE S IN  M AN.
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THE USE OF A PORTAL ANASTOMOTIC VEIN FOR ABSORPTION
STUDIES IN MAN.
By SHEILA SHERLOCK (Beit Memorial Research FeUow) and
VERYAN WALSHE.*
(Departînent of Medicine, British Postgraduate Medical School, London.)
A PATIENT suffering from hepatic cirrhosis was seen in whom a large anterior 
abdominal wall vein was believed to communicate with the portal venous 
system. Observations were made on the contents of this vein durmg 
intestinal absorption. Although the studies were brought to a premature 
conclusion by thrombosis of the vein, the results are reported in the hope 
that they may stimulate interest in the possible research value of such 
veins in similar patients.
CASE R EPO R T.
F.M ., an old age pensioner aged 71, was adm itted to hospital on 8.11.45.
H istory : For several years there had been recurrent epistaxes ; now occurring nearly every  
week and in itiated  b y  blowing the nose. A ppetite was fair and m ost foods were well tolerated. 
The bowels were constipated and the m otions occasionally streaked w ith  blood. The early 
morning urine was som etim es rather dark in colour. There was morning cough w ith  w hite sputum . 
The patient thought he was losing weight, the exact am ount being uncertain. Past health had  
been good and he had never suffered from jaundice. H e drank 1 p int o f beer daily, and lived  
alone in  a single room, his d iet being m ainly pies and breakfast sausage. H e did not eat his 
m eat, bacon or butter rations and rarely took vegetables.
Exam ination  showed a thin  old m an. “ Spider ” angiom ata suggestive o f liver disease 
were seen on the cheeks. D ilated vessels on the nasal septum  were a possible source o f the 
epistaxis. The chest showed a few dry rhonchi but no m oist sounds. The abdom en was not 
distended and shifting dullness could not be elicited. A  large dilated, tortuous superficial 
abdom inal vein  in  the right lower quadrant (Fig. 1) was non-pulsatile and there was no murmur 
over it. On em ptying it  rapidly filled from above downwards. Superiorly the vein  emerged 
about 3 cm. above the umbilicus, apparently through a paraumbilical hernia. Interiorly it  
joined the great saphenous vein  just below the inguinal ligam ent. The liver edge was firm and  
easily palpable 4 cm. below the right costal margin in  the nipple line. The spleen could not be 
felt. There was no peripheral oedema. R ectal exam ination showed internal hæmorrhoids. 
Urine : S .0 .1015, contained no albumin or bile pigments. Urobilinogen was present in  an
early morning specimen.
* W orking for the Medical Research Council.
W e are indebted to Dr. Duncan W hite and the staff o f the R adiology Departm ent for their 
co-operation ; to Professor E . J . K ing, in  whose department m any o f the biochem ical estim ations 
were made ; to  Mr. E . V. W illm ott for the photography ; and especially to Major Kendal D ixon  
and Lt.-Col. W . R. M. Drew for assistance w ith the fat tolerance tests.
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Investigations : Serum bilirubin O'9 m g. per 100 c.c. ; serum alkaline phosphatase 15 units  
per 100 c.c. ; serum cholesterol 265 m g. per 100 c.c., serum proteins 6*2 g. per 100 c.c. w ith  
3 5 g. album in, 2*7 g. globulin, and A/G  ratio 1 3 . Serum colloidal gold reaction (18) negative. 
Oral hippuric acid synthesis test (20), 2 5 g. (as sodium  benzoate) excreted in  4 hours. Blood  
count : H b. 10 2 g. per 100 c.c. (65% H aden norm al), R .B.C . 4,600,000 per c.m m ., W .B.C. 7,000 
per c .m m .. W asserm ann reaction negative. B arium  meal exam ination showed no gastrointestinal 
abnorm ality.
A spira tion  liver biopsy  (21) : sections show a hepatic cirrhosis. Surviving liver cells, apart 
from som e fa tty  change at the periphery o f  the nodules, contain  their usual com plem ent of  
glycogen and appear healthy.
As th is anastom otic vein  probably com m unicated w ith  the portal venous system , i t  was 
considered th at its blood m ight be draining the alim entary tract. The abdom inal vein  was thin- 
walled and tortuous w hich m ade sam pling difficult. This difficulty and the consequent discom fort 
to the patient lim ited the frequency o f  sam pling. Arm \ eins also were sm all and difficult to  
needle.
Preliminary metabolic considerations.
Weight of patient 60 kg.. Height 148 cm,.
During the period of study the patient consumed a weighed diet of 
2,175 calories daily ; 359 g. carbohydrate, 133 g. protein and 23 g. fat.
30 g. brewer’s yeast daily was included.
Over two three-day periods on this regime the daily output of urinary 
nitrogen averaged 9 3 g., the fæcal nitrogen 1 5  g., and the fæcal fat 7-2 g.. 
The patient thus showed a positive nitrogen balance, and on this diet the 
fæcal fat was within normal limits. During his stay in hospital he gained 
8 kg. in weight. All the observations were made in the morning, the last 
meal being at 8 p.m. the previous night.
Carbohydrate tolerence tests.
Galactose. 40 g. galactose in 50 per cent, solution was given orally 
and one hour later samples were taken from the abdominal wall vein and a 
right antecubital vein.
The galactose content of the abdominal vein was 20 mg. per 100 c.c., 
and that of the arm vein 7 mg., per 100 c.c..
Lcevulose and Glucose. To facilitate more frequent sampling drip 
infusions of heparmized normal saline were set up in both the abdominal 
and an antecubital vein. Fasting venous samples were removed from both 
sites, and then 50 g. lævulose and 50 g. glucose were given by mouth. Further 
venous samples were taken 30, 60 and 90 minutes later.
From Table I it is seen that :—
1. In the fasting state the glucose concentrations in the two veins is 
the same. No lævulose can be detected in either. In later experiments a 
fasting sample was not taken from the abdominal vein : its composition was 
assumed to be identical with that of the systemic.
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2. During the 90 minutes after the sugar was given, the glucose and 
lævulose content of the abdominal vein is conspicuously greater than that of 
the antecubital vein.
3. The highest value for glucose in the abdominal vein occurred at 
30 minutes, that for lævulose at 60 minutes.
4. During the absorption period, in neither vein was there any 
significant change in the serum potassium or serum ester phosphate 
concentrations.
TABLE I.
Biochemical changes in  the abdominal wall vein and the antecubital vein after oral glucose
and lævulose.
Concentrations in  abdominal wall vein  1 Concentrations in  antecubital vein
Time
after
sugar
m inutes
Glucose 
m g/ 
100 c.c.
Lævulose 
m g/ 
100 c.c.
Ester  
Phosphate 
(as P.) 
m g/
100 c.c.
P o tas­
sium
m g/
100 c.c.
Glucose 
m g/ 
100 c.c.
Lævulose 
m g/ 
100 c.c.
Ester 
Phosphate 
(as P.) 
m g/
100 c.c.
P otas­
sium  
m g/ 
100 c.c.
0 112 0 0 6 21 112 0 0 6 19
30 230 25 0 5 20 182 8 4 0 5 —
60 123 84 0-7 22 84 2 4 6 0 5 20
90 159 24 0 7 21 1 132 6 6 0 2 21
Fat tolerance tests.
These were done by the method of Dixon, Drew and Samuel (8). The 
meal consisted of 75 g. dairy butter prepared with a barium sulphate 
suspension. After a fasting blood sample had been taken from an ante­
cubital vein, a duodenal tube with mercury tip was passed into the second 
part of the duodenum and its position confirmed by X-ray screening. The 
meal was given down the tube and seen to pass through the duodenum and 
enter the upper coils of jejunum. Venous samples were taken from the 
abdominal and antecubital veins two and three hours after the meal.
From Table II it is seen that no significant change in serum opalascence, 
lipid phosphorus, cholesterol, total fatty acid, non-phosphohpid fatty acid 
or neutral fat concentrations could be demonstrated. Results for a typical 
normal control subject are also shown.
This result was most unexpected and the observation was therefore 
repeated. This time 50 g. glucose was included in the meal, and its rate of 
progress was followed radiologically at intervals for 2 hours. Although the 
rate of transit of the meal through the intestines was normal, and although 
a glucose concentration increase was shown in both veins, that in the
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T A B LE II .
Biochemical changea in  the abdominal wall and antecubital veins after a fa tty  meal w ith
and without added lipase.
Ab domina I wall vein Lntecubital vei n
IÎ
i
CO o
AO
3 2  
5  S i IlsHi Î3l i i II(D bDa i f iAOA ^a Iio  a tisHi
1  •
t  §
% a :l |
^  a
1
II
F atty me 
0
al alon e.
7-7 225 12-8 8-7 260 0
120 7-9 190 1 1 8 7 6 230 0 7-7 171 11-8 7-6 230 0
180 8 2 212 12 1 7-7 230 0 8-0 183 12-1 7-9 240 0
F atty me 
0
al +  li pase.
4-8 101 12-6 8-6 250 0
60 6*4 102 12 6 8-1 240 0 5-3 104 12-2 7-8 230 0
120 6 3 96 1 3 3 8-9 270 + 5-4 95 12-2 7-8 230 0
N orm al
0
control subjec t.
8-5 209 8-5 4-5 130 0
120 — — — — — — 10-6 224 10-6 6-2 180 +
180 — — — — — — 14-9 211 14-9 10-4 310 + +
T A B L E  III .
Biochemical changes in  the abdominal w all and antecubital veins after a protein  and
carbohydrate meal.
Concentrations in abdom inal w all vein C oncentrations in  an tecubital v e in
M inutes
after
m eal
Glucose 
m g/100 c.c.
N on-protein  
N itrogen  
m g/100 c.c.
Urea  
N itrogen  
m g/100 c.c.
Glucose 
m g/100 c.c.
N on-protein  
N itrogen  
m g/100 c.c.
Urea  
N itrogen  
m g/100 c.c.
0 — — — 94 31 14
120 119 66 15 72 46 15
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abdominal vein being greater than that in the antecubital, there was still 
no change in the fatty substances. It was decided to repeat the experiment 
a third time and to give a lipase preparation with the butter fat.
The lipase was made from fresh pig’s pancreas (5) and its potency tested. 
100 c.c. of this extract was mixed with the fat meal and given under X-ray 
control into the second part of the duodenum. Venous samples were taken 
from an arm vein before the meal and from both arm and abdominal veins 
1 and 2 hours afterwards.
From Table II it is seen that in the abdominal vein 2 hours after the 
fatty meal there is a slight serum opalescence and an increase in total fatty  
acid, non-phospholipid fatty acid and neutral fat concentrations. The 
concentrations of phospholipid and cholesterol show no change. During the 
2-hour period there has been no detectable systemic lipæmia.
Protein tolerance test.
A fasting sample was withdrawn from an antecubital vein and the 
patient then ate a meal consisting of meat, cabbage, potatoes, bread and 
concentrated skimmed milk. It was equivalent to 86 g. carbohydrate, 
62 g. protein and 6 g. fat. Two hours later samples were withdrawn from 
the abdominal vein and from the antecubital vein.
From Table III it is seen that (1) 2 hours after the meal there is a 
significant difference between the glucose concentrations of the two veins ; 
(2) the urea nitrogen concentration has remained relatively constant in both 
veins ; (3)2 hours after the meal the non-protein nitrogen concentration has 
increased in both veins, but more conspicuously in the abdominal vein.
Venograms of the abdominal vein.
Blood flow in the vein was stopped by digital pressure. A needle was 
introduced above and close to the point of occlusion and 20 c.c. of a radio­
opaque solution (Pyelosil) injected. The injection was therefore retrograde. 
X-rays of the right upper quadrant of the abdomen were taken (Fig. 2). 
The vein starts as a very small tributary passing down over the costal margin 
(D). It is joined (C) by a larger vein which comes from above and to the 
right. C represents the point where this deep vein penetrates to the 
subcutaneous tissue. As the vein proceeds downwards towards the inguinal 
ligament it becomes very tortuous (A). The surface marking of the umbilicus 
is also shown (B). It was hoped to take another venogram using a larger 
volume of pyelosil, but unfortunately the first injection was followed by 
complete thrombosis of the vein, although pyelosil is usually considered 
non-irritant to vascular endothelium.
A superficial portion of vein 10 cm. long contained about 12 c.c. of 
“ pyelosil.” This portion when emptied of blood filled again in 2 seconds. 
The blood flow through the abdominal vein was therefore believed to be 
between 300 and 400 c.c. per minute.
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Discussion.
The biochemical results and the venogram make it almost certain that 
the anterior abdominal wall vein communicated with the portal venous system. 
In hepatic cirrhosis the intrahepatic obstruction to the portal circulation 
leads to the opening up of collateral channels. A group forms at the site of 
the obliterated embryological veins within the falciform ligament (17). These 
paraumbilical veins connect the left branch of the portal vein with the 
superficial veins around the umbilicus. In the presence of portal obstruction 
reasonable mixture of the blood in the right and left branches of the portal 
vein probably occurs. It is suggested that, in the present patient, some of 
the blood from the left branch of the portal vein entered a paraumbilical 
vein and passed in the falciform ligament to emerge through a small 
paraumbilical hernia and join the superficial e^iigastric vein. This vein 
inferiorly joins the great saphenous vein and superiorly communicates with 
the lateral thoracic veins, tributaries of the axillary vein (3). It is this latter 
communication which is seen in the venogram (D). Total blood flow 
through the liver in man is estimated at 1,085 to 1,845 c.c. per minute (2) ; 
of this one-quarter to one-eighth is from the hepatic artery. The collateral 
abdominal vein was estimated to carry 360 c.c. per minute. It can be 
assumed, therefore, that the anastomotic channel was carrying a half to a 
quarter of the %)ortal venous blood directly into the right great saphenous 
vein. This short-circuiting of portal blood and the mixing of the two 
streams in uncertain proportions prevented studies of hepatic function being 
included. Observations were confined to study of the contents of the portal 
collateral vein during absorption from the intestine. Although in 1877 the 
portal vein was first punctured in animals for this purpose (19) biochemical 
analysis of portal vein blood does not hitherto seem to have been attempted 
in man.
In the rat and cat, glucose absorption proceeds more rapidly than that 
of lævulose (6, 13) ; similar conclusions have been indirectly reached in 
man (16). The present observations support this suggestion, the highest 
concentration of glucose in the abdominal vein preceding that for lævulose, 
indicating a different rate for the absorption of glucose and lævulose. The 
interval of 30 minutes between samples prevents more accurate localisation 
of the actual time of maximum sugar concentration. The mixing of the 
abdominal collateral with the systemic venous system makes it impossible 
to calculate the quantities of each sugar absorbed in unit time. The present 
technique therefore suffers from the same disadvantages as the systemic 
blood sugar tolerance test, as concentrations rather than absolute quantities 
are under consideration. It is believed that glucose is absorbed by a 
phosphorylation mechanism (23) but that the hexose phosphoric acid in the 
intestinal mucosa is immediately changed into hexose again and that the 
sugar passes as such into the blood stream. The failure of the ester phosphate 
concentration in the portal collateral vein to increase during the absorption
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of glucose is in keeping with the hypothesis. The absorption of the sugar, 
moreover, occurred without any significant change in the serum potassium 
concentrations of either vein.
The partition theory of fat absorption (9, 10, 12) has not been universally 
accepted (4, 14, 24, 25). It was hoped that observations on the present case 
might have shoivn definitely whether fat, split or un split, was absorbed into 
the portal venous system. However, on two occasions fat tolerance tests 
using triglyceride fat showed neither systemic nor an anterior abdominal 
vein lipæmia. The fat was introduced directly into the duodenum, the 
passage of the meal was not hurried and the patient did not have increased 
fæcal fat concentrations. No explanation can be offered for the failure to 
demonstrate a venous lipæmia. It has been shown that if neutral fat is given 
with lipase a portal rather than a systemic lipæmia results (11). In our 
patient when neutral fat was given with lipase and was presumably 
hydrolyzed, only then was there some absorption into the portal collateral 
vein. However, the increase was not sufiiciently conspicuous to be entirely 
conclusive. It might have been more striking if the observations had been 
continued for three rather than two hours after the fatty meal.
An increase in the nitrogen content of the portal vein during protein 
digestion has been shown in animals (7,15, 22). In the present case, although 
it would have been more satisfactory to have estimated amino acid nitrogen 
rather than non-protein nitrogen, the increased non-protein nitrogen in the 
abdominal collateral after a protein meal seemed to confirm these findings, 
especially as the urea nitrogen concentration remained relatively constant.
Many other studies will spring to mind which would have been attempted 
if untimely complete thrombosis of the abdominal vein had not occurred. 
After this mishap fresh veins developed over the right flank, but these new 
collaterals were multiple, small and not susceptible to puncture. It would 
also have been more satisfactory if the complication of portal cirrhosis had 
not been present and if more frequent venous sampling had been possible. 
The present observations are reported in the hope that others may perhaps 
be more fortunate when a similar clinical opportunity presents. A portal 
communication can readily be distinguished from a systemic anastomosis 
by simultaneous puncture of the vein and an arm vein one hour after a glucose 
drink. The samples are analysed for glucose. Three other patients with 
dilated abdominal veins have been studied by this means. In each instance 
the sugar content of the arm and abdominal vein was identical. In these 
cases, therefore, the abdominal vein communicated only with the greater 
venous circulation.
S u m m a r y .
1. A patient with hepatic cirrhosis was studied, in whom an enlarged 
abdominal wall vein communicated with the portal venous system.
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2. After oral galactose a higher concentration of galactose was observed 
in a sample of blood from the anterior abdominal wall vein than in a simul­
taneous sample from an antecubital vein. Similar results were obtained 
for lævulose and glucose. The highest concentration of glucose in the 
abdominal wall vein appeared before that for lævulose. The absorption 
of these sugars into the abdominal vem was not associated with significant 
changes in the concentrations of serum ester phosphate or serum potassium.
3. On two occasions after a neutral fat meal had been introduced into 
the duodenum no increased fat could be shown in the abdominal or in the 
antecubital vein. When neutral fat was given with lipase there was a 
suggestive increase in the fat content of the portal collateral vein, but the 
results were not conclusive.
4. After a protein meal a conspicuous difference existed between the 
non-pro tern nitrogen contents of the abdominal vein and that of the 
systemic vein. Plasma urea nitrogen remained constant.
5. A simple biochemical method of confirming the clinical diagnosis 
of a portal anastomotic vein is suggested.
A P P E N D IX .
The follow ing m ethods were used :—
Serum urea, serum non-protein nitrogen. K ing, H aslew ood and D elory, Lancet, i, 886.
Serum proteins, serum potassium . K ing, H aslewood, D elory and Beall, Lancet, 1942, i, 207.
Serum to ta l “ acid soluble ” phosphate and serum  inorganic phosphate. K ing, B iochem . J ., 
1932, 26, 292.
The ester phosphate is  obtained b y  subtraction o f the inorganic phosphate from the to ta l 
acid soluble phosphate.
Serum bilirubin. H aslew ood and K ing, B iochem . J ., 1937, 31, 920.
Serum alkaline phosphatase. K in g  and Arm strong, Canad. Med. A ssoc. J ., 1934, 31, 376. 
Serum  cholesterol. Sackett, J . B io l. Chem., 1925, 64, 203.
Blood sugar. H aslew ood and Strookm an, B iochem . J ., 1939, 33, 920.
B lood lævulose. H erbert, B iochem . J ., 1938, 32, 815.
Total serum  fa tty  acid and opalescence o f  serum. D ixon , Drew and Sam uel, 1940, in  press. 
Lipoid phosphorus. Man and Gildea, J . B iol. Chem., 1936, 117, 183.
N on-phospholipid fa tty  acid was calculated by the m ethod o f  Man and Gildea. J . B iol. Chem ., 
1932, 98, 43.
N eutral fat was evaluated  as glyceryl trioleate corresponding to  the non-phospholipoid  
fa tty  acid.
Urine galactose. K ing and A itken, L ancet, 1940, ii, 543.
Urine hippuric acid. W eichselbaum  and Probstein , J . Lab. and Clin. Med., 1931, 24, 636.
P O R T A L  A N  A S T O M O T I C  V E I N .  121
R EFE R E N C E S.
(1) B a u e r . W ien. Med. Wchnschr, 1906, 56, 20.
(2) B r a d l e y , I n g e l f i n g e r , B r a d l e y  and Cu r r y . J. Clin. Invest., 1945, 24, 890.
(3) B r a s h . “ Cunningham’s Textbook o f A natom y,” 7th Edition, p. 1272 and 1274, Oxford,
1937.
(4) B r o c k e t t , S p i e r s  a n d  H i m w i c h . Am. J . Physiol., 1934, 110, 342.
(5) C o l e . Physiological Chemistry, p. 184, Cambridge, 1933.
(6) CoRi. J . B iol. Chem., 1925, 66, 691.
(7) D e l a u n a y , C . R .  S oc . Biol., Paris, 1913, 74, 764 and 769.
(8) D i x o n , D r e w  a n d  S a m u e l . In  press, 1946.
(9) F r a z e r . A nalyst, 1938, 63, 308.
(10) F r a z e r . J. Physiol., 1943, 102, 306.
(11) F r a z e r . J. Physiol., 1943, 102, 329.
(12) F r a z e r . Phys. R eview s, 1946, 26, 103.
(13) H e w i t t . Biochem . J ., 1924, 18, 162.
(14) L it t l e  a n d  R o b i n s o n . Am. J . Physiol., 1941, 134, 773.
(15) L o n d o n .  “ A ngiostom ie u .  Organstoffwechsel,” M o s c o w , 1935.
(16) M c Ca n c b  a n d  M a d d e r s . Biochem . J ., 1930, 24, 795.
(17) M gI n d o e . Arch. Path ., 1928, 5, 23.
(18) M a c l a g a n .  B rit. J . E xp. Path ., 1944, 25, 15.
(19) Von M e r i n g . Arch. Physiol., 1877, 379.
(20) Q u i c k . Proc. Soc. E xp . B iol, and Med., 1932, 29, 1204.
(21) S h e r l o c k . Lancet, 1945, ii, 397.
(22) V a n  S l y k e  a n d  M e y e r . J. B iol. Chem., 1912, 12, 399.
(23) V e r z a r  a n d  M cD o u g a l l . “ Absorption from the In testin e ,” London, 1936.
(24) W i n t e r  a n d  C r a n d a l l . J. B iol. Chem., 1941, 140, 97.
(25) ZucKER. Proc. Soc. E xp. B iol, and Med., 1919, 17, 89.
P O R T A L  A N A S T O M O T I C  V E I N . 123
Fig. 1. F ig. 2.
Fig. 1. Photograph of the anterior abdom inal wall vein. 
Arrow marks direction o f blood flow.
B =  umbilicus.
F ig. 2. Venogram of anterior abdominal wall vein.
A =  tortuous m ain part of vein  (superficial epigastric vein).
B =  surface marking of the umbilicus.
C =  point o f emergence of the vein  from the abdomen.
D =  the continuation of the vein upwards to join the lateral thoracic vein.
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